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I  was ve ry  fortunate  in  being introduced 
to the study o f  the v iruses o f  encepha l i t is  
l e th a rg ic a  and o f  herpes by Dr. Simon Jlexner o f  
the R o ck e fe l l e r  I n s t i t u t e  f o r  Medical Research, Hew 
York. Dr. Flexner h im se l f  has done a la r g e  amount
o f  work on these v iruses ,  and from him I  learned
'
technique, obtained m ater ia l ,  and r ece iv ed  much 
va luab le  advice and c r i t i c i s m .
Owing to the vast  l i t e r a t u r e  which has 
accumulated on a subject  about which so l i t t l e  is  
d e f i n i t e l y  known, i t  is  impossible to deal in  d e ta i l  
w ith  a l l  the evidence recorded. Much o f  i t  i s  con“
t ra d ic to ry ,  and i t  i s  d i f f i c u l t ,  i f  not irrfpossible
■
in  many cases to determine the actual tru th .  A f t e r  
a considerat ion o f  p r a c t i c a l l y  a l l  the main a r t i c l e s ,  
my impression is  that a g reat  bulk o f  the work has 
not been proper ly  con tro l led ,  and that the conclus­
ions w i l l  be found to be erroneous and va lu e les s .
With so important and so d i f f i c u l t  a subject  i t  is  
only poss ib le  to take up one or two p a r t i c u la r  points 
f o r  d e ta i l ed  study. In th is  Thesis the resu l ts  o f  
in ves t iga t ions  o f  tw o  problems are recorded. The 
f i r s t  deals w ith  the brain les ions  found in  the 
domestic rabb it ,  and the resu l ts  show that much
FOREWORD.
experimental work on encepha l i t is  l e th a r g i c a  in  this 
animal, p a r t i c u la r l y  by Scandinavian and American 
observers, is  open to ve ry  grave question, and th e i r  
r e su l ts  must th e re fo re  be o f  l i t t l e  use. B r i e f l y  I  
have shown that the pe r ivascu la r  and other brain 
les ions  in  the rabb i t ,  regarded by many workers as 
pathognomonic o f  experimental en cepha l i t is ,  may f r e ­
quently be found in uninoculated animals, in  some 
cases in  as many as 75 per cent o f t th e  rabbits  exam­
ined. These r esu l ts  are based on the examination 
o f  bra in sect ions from 372 rab b i ts .  There fore  the 
resu l ts  o f  work in  which the h i s t o l o g i c a l  p ic tu re  o f  
the bra in  o f  the rab b i t  has been taken as the 
c r i t e r i o n  fo r  a p o s i t i v e  transmission o f  the v irus 
to that animal cannot be accepted.
The second po in t  o f  study has been the attempt 
a t  c u l t i v a t i o n  o f  the v iruses o f  encepha l i t is  
l e th a r g ic a  and herpes f e b r i l i s .  Several observers 
have claimed the i s o l a t i o n  and c u l t i v a t i o n  o f  what 
they consider to be the e t i o l o g i c a l  agent, but the 
organisms described d i f f e r  w ide ly ,  w ith  each worker, 
in  th e i r  morphological and b i o l o g i c a l  ch a ra c t e r i s t i c s .  
An attempt has been made by the w r i t e r  to in v e s t ig a t e  
the claims o f  the various wofckers. Hone o f  these 
observations have been confirmed, and ce r ta in  
in ves t iga t ion s  along deductive l in e s  have shown most
(4)
o f  the previous work to be uncontro l led  and f a l l a ­
cious. Two papers r e l a t in g  to the Diagnostic  Values 
o f  Brain Lesions in the Domestic Rabbit and Exper i­
ments on the Surviva l  o f  s o - c a l l e d  Encepha l i t ic  and 
Herpet ic  Viruses in v i t r o  are a lready  in  the press, 
having been accepted fo r  the Journal o f  Experimental 
Medicine.
The v/hole subject  o f  the s o - c a l l e d  " f i l t e r a b l e
*
v iruses "  is  obscure; p r a c t i c a l l y  nothing is  known 
o f  th e i r  morphology, l i t t l e  is  known o f  th e i r  b io logy ,  
and i t  i s  only by c a r e fu l l y  con tro l led  work along 
many l in e s  o f  in v e s t ig a t io n  that fu rther  knowledge 
can be gained.
(5)






Von Economo ( l )  in  1917 f i r s t  showed that en cepha lit is  
le th a rg ic a  was a d e f in i t e  c l i n i c a l  e n t i t y ,  and s in ce  
that time a g rea t  deal o f  experimental work has "been 
ca rr ied  out by la rge  numbers o f  in v e s t ig a to rs  in  many 
cou n tr ies .
In  th is  survey, which is  m erely  in troductory
.
to the experimental work submitted in  th is  th es is ,  i t  
is  m an ifes t ly  impossible to  rev iew  in  order each o f  
the many papers that have appeared on s o -c a l le d  ex­
perimental en ceph a lit is  le th a rg ic a .  Moreover, 
lengthy discussion would have to  be included, and 
th ere fo re , fo r  the sake o f  b r e v i t y  and c learness , the 
main accepted p o s it io n  has been summarised in  the 
fo l lo w in g  pages*
I t  is  c h ie f l y  through the work o f  L e v a d it i  and h is 
co llab ora to rs  (2 to 20), and Doerr and Schnabel (21, 
22), that our knowledge has been gained, and the 
general conclusions are here presented.I
The work o f  L e v a d it i  and his c o l la b or a t o r s . (2 t o 20). 
D i f f i c u l t y  was a t  f i r s t  encountered in  transm itt ing  
the disease to animals, but rabb its  have been 
su ccess fu l ly  inoculated w ith  brain m ater ia l from a 
fa t a l  human case* Once passage had been secured, i t
( 7 )
was comparatively easy to re -transm it the v iru s , not 
only to r a b b its , hut a lso to guinea p igs and white 
mice. Monkeys, however, are n a tu ra l ly  immune, which 
is  in  contrast w ith  another d isease o f  the cen tra l 
nervous system, namely, acute p o l io m y e l i t i s .  The 
e a r l i e s t  experiments were done using in t ra -c e reh ra l  
inocu la tions , hut once transmission had heen secured, 
animals could he in fe c ted  in  a v a r ie t y  o f  ways hy 
corneal s c a r i f i c a t io n ,  in t ra -o c u la r ly ,  or through the 
nasal mucous membrane a f t e r  in ju ry .  By repeated 
passage through the rahh it the v irus becomes capable 
o f  causing in fe c t io n  in these animals hy inocu la tion  
in t ra p e r i to n e a l ly ,  in tram uscularly, in to  the s c ia t i c  
nerve, and a lso hy dermal s c a r i f i c a t io n .  Attempts 
to transmit the virus hy intravenous, subcutaneous 
and a limentary routes were unsuccessfu l.
S c a r i f ic a t io n  o f  the cornea and inocu la t ion  w ith 
virus (rah h it  b ra in ) produces in  rabb its  a severe 
k e r a t i t i s .  La ter  (7-13 days) the animal shows 
symptoms o f  involvement o f  the c en tra l nervous system 
and death supervenes. (These symptoms w i l l  be de­
scribed  la t e r  in  connection w ith  my work on c u l t iv a ­
t ion  experiments) .
Resistance o f  the v iru s  to v arious bact é r i el idal agen ts . 
Exposure to a temperature o f  55-70?C. fo r  30 minutes
(8 )
k i l l s  the v iru s .  B i le ,  and methylene "blue a lso  
destroy i t s  i n f e c t i v i t y  ve ry  qu ick ly  : 1 per cent 
phenol requ ires  a p p lica t ion  fo r  3 days to e lim ina te  
the v iru s . In f e c t i v e  "brain m ater ia l,  d r ied  in  vacuo 
over sulphuric acid , re ta in s  i t s  a c t i v i t y  fo r  periods 
up to 6 weeks.
j
Nature o f  t he virus^.
The nature o f  the v irus  is  as ye t  unknown. I t  is  
u ltra -m icroscop ic  and f i l t e r a b l e .  Attempts a t cu l­
t i v a t io n  "by L e v a d it i  and "by Doerr and th e ir  co l lab o -  
ra tors  have "been unsuccessfu l. Attempts "by other 
observers and the w r i t e r  are described la t e r .
The virus remains potent in  50 or 33 per cent so lu ­
tions o f  g ly c e r in e  fo r  s e v e ra l  months.
'
Minute bodies have been described by Da Bano (23-25)
■
in  brain sections from human cases o f  en ceph a lit is  
le th a rg ic a .  -They can be demonstrated by various 
sta ins such as Unna’ s polychrome methylene blue,
Mann’ s s ta in , Giemsa’ s s ta in , e tc .  These minute 
bodies vary in  s iz e  and appear to be surrounded by a 
halo. Similar' bodies have been described by 
L e v a d it i  and h is co l lab o ra to rs ,  who, however, regard 
them as acidophilou3 degenerations o f  the nucleus 
caused by the v iru s .
( 9 )
Immunity.
Acquired. Subcutaneous in ocu la t ion  w ith  k i l l e d  or 
l i v in g  encepha lit is  le th a rg ic a  v irus never p ro tec ts  
against a subsequent in t r a  cereb ra l in ocu la t ion  o f  
the l i v in g  v iru s ,  but previous subcutaneous in je c t io n  
w ith  a c t iv e  m ater ia l prevents the appearance o f  
k e r a t i t i s .  Vaccination  w ith  k i l l e d  v irus produces




Blood serum o f  immunised rabb its  does not n eu tra l is e  
a c t iv e  v irus in  v i t r o ,  and the blood serum o f  human 
recovered cases only shows s l i g h t  evidence o f  immune1 • ' f
bodies s eve ra l months a f t e r  onset o f  the d isease.
Serum from recen t human cases has no n eu tra l is in g  
e f f e c t  whatever on fresh  v iru s .
With regard to immunity from corneal in ocu la t ion  in  
rabb its , s e v e ra l  in te r e s t in g  facts  a r is e .  Whereas 
the animal may withstand subsequent in t ra -c e reb ra l  
inocu la tion  w ith  v iru s , the other cornea is  s t i l l  
su scep tib le ,
-
Sources o f  the v iru s .
The f i r s t  unmistakably p o s i t i v e  transmission o f  the 
v irus from human m ater ia l was that o f  L e v a d it i  and 
Harvier ( 2 , 3 , ) ,  who in  February 1920 inocu la ted  one
( 1 0 )
monkey and two rabb its  w ith  bra in  emulsion from a 
fa t a l  human case o f  en ceph a lit is  le tharg ies .. One 
rab b it  d ied  8 days l a t e r  w h ile  the other ra b b it  and 
the monkey remained w e l l .  I t  is  from th is  one 
s t ra in  that the experiments were made from which the 
main conclusions o f  L e v a d it i  have been drawn.
L ev a d it i  and his co llab o ra to rs  have been unable, up 
to the present, to  obta in  p o s i t i v e  transmission 
e f fe c t s  in  the ra b b it  by the sub-dural in ocu la t ion  
o f  cerebro -sp ina l f lu id  from human cases o f  
encepha lit is  le th a rg ic a .  These observers have, 
however, obtained a s im i la r  virus though in  an 
attenuated form from the s a l iv a  o f  apparently  hea lthy  
persons, presumed th e re fo re  to be ca r r ie r s  o f  the 
in fe c t io n  (1 4 ) .  This v irus is o la te d  by corneal 
s c a r i f i c a t io n  is  probably that o f  herpes and not 
that o f  en eepha lit is  le th a rg ic a .
The same general conclusions have a lso  been reached 
by hoerr and Schnabel (21,22) working independently 
and th e ir  experimental re su lts  are injclose agreement 
w ith those o f  L e v a d it i  and his co-workers.
McIntosh and Turnbull (27) have claimed to have 
transmitted the virus o f  en cep h a lit is  to the monkey. 
Tlexner (26 ),  on s e ve ra l grounds regards th e ir  work 
as very unconvincing . In  a c r i t i c a l  examination o f
(11)
the l i t e r a t u r e  on experimental en ceph a lit is  le th a rg ic a  
Eiexner po ints out that Doerr and his assoc ia tes  
(21, 22) a f t e r  many unsuccessful attempts f i n a l l y  in  
1921 recorded the successfu l in ocu la t ion  o f  the 
rabb it  w ith  ce reb ro -sp in a l f lu id  from a f a t a l  human 
case o f  e n cep h a l i t is , In 1922 Doerr (28) recorded 
two more successfu l transmissions, one from human 
bra in  m ateria l d ir e c t ,  and one from human bra in
t issu e  from a rab b it  which succumbed from an in te r -
’
current staphylococca l in fe c t io n  o f  the treph ine wound 
thus making in  a l l  3 successfu l transmissions.
Doerr ’ s assoc ia te , Schnabel, (29 ),  working independ­
en t ly  in  the Robert Koch In s t i tu t e  in  B e r l in ,  reported  
in  1922 (the  f i r s t  case in  Germany) that he hkd is o ­
la ted  a v iru s  s im ila r  to  the previous ones from the 
cerebro -sp ina l f lu id  from a case o f  acute epidemic 
en cep h a lit is .
Thus from the vast amount o f  work done in  Europe on
.
experimental encepha lit is  le th a rg ic a ,  i t  would appear 
that the successfu l transmission o f  en ceph a lit is
v irus from human m ater ia l to the rab b it  has on ly  been
-
accomplished in  5 instances, once in  Erance 
( L e v a d i t i ) ,  3 times in  .Switzerland (Doerr) and once 
in  Germany (Schnabel). Eiexner (26) has s ince 
recorded the successfu l inocu la t ion  o f  encepha lit is
( 1 2 )
from human cerebro-sp ina l f l ia id  to the ra b b it .  This 
s tra in , "Beck ley” , was used w ith  others in  the ex­
periments described la t e r  in  this th e s is .
This d i f f i c u l t y  o f  transm itt in g  en cep h a lit is  v iru s  
to lower animals has apparently  not been encountered 
by Loewe and Strauss (30 ,31 ), o f  the Mount Sinai 
H osp ita l; Hew York. As e a r ly  as May 1919 these 
observers recorded the transmission o f  en ceph a lit is  
to the monkey. La te r  they s ta ted  that the rabb it  
and guinea p ig  could a lso  be a f fe c t e d .  They fu rther
claimed the is o la t io n ,  by means o f  the Noguchi
0-
technique, a s p e c i f i c  micro-organism, d e ta i ls  o f  
which w i l l  be considered l a t e r .  Loewe and Strauss
advocate that the rab b it  should be used fo r  diagnosing
doubtful cases o f  en cepha lit is  le th a rg ic a .  They 
claim  12 p o s i t i v e  inoculations, out o f  16 d i f f e r e n t  
samples o f  ce reb ro -sp in a l f lu id  (75 per cent p o s i t i v e ) ,  
and 11 successfu l transmissions from the nasopharyn­
gea l washings from 14 pa t ien ts  (78 per cent p o s i t i v e ) .  
The fa u l t y  premises on which these conclusions are 
based are po inted out in  Part 2 o f  th is  th es is .
I t  is  thus seen that the s o -c a l le d  v irus o f  epidemic
en ceph a lit is  has probably on ly  been is o la te d  by four 
workers and that i t  has very  d e f in i t e  pathogenic and 
b io lo g i c a l  c h a ra c t e r is t ic s . I t  is  an in v i s ib l e
(13)
f i l t e r  passing micro-organism which up to  the 
present has not heen c u lt iv a te d  outs ide the hody.
AUSTRALIAN "X” PI SEASE.
A p ecu lia r  d isease occurred in  New South Wales, 
Queensland and V ic t o r ia  in  1917. At f i r s t  i t  was 
thought to he an a ty p ic a l  form o f  p o l io m y e l i t is  hut 
was l a t e r  recogn ised  as a h ith e r to  unknown complaint 
and designated A u s tra lian  "X" d isease .
Flexner (26) who examined specimens o f  the c en tra l  
nervous system from pa t ien ts  dying o f  th is  disease, 
is  o f  the opinion that the les ion s  show a resemblance 
to p o l io m y e l i t is  hut are d is t in c t  from en cep h a lit is .  
However the high m o r ta l i ty  (70 per cent) o f  Austra lian  
"X" d isease, and the small number o f  re cove r ie s  in  
which there  is  res id u a l p a ra ly s is  (2 out o f  35), and 
two more in  which there were signs o f  mental d isorder, 
are qu ite  un like  p o l io m y e l i t i s .  30 per cent o f  the 
pa tien ts  were over 15 years o f  age and i t  was noted 
that in fan ts  and young ch ildren  when a f fe c t e d  were 
more l i k e l y  to su rv iv e  than o ld  ch ildren  and adults, 
which would suggest that Austra lian  "X" disease may 
he due to p o l io m y e l i t is  virus o f  exa lted  v i r u le n c e . - 
Transmission experiments show that the disease is  
e a s i ly  communicable to monkeys, and the fo l low in g
se r ies  o f  successfu l inocu la tions have been reported
*by Cleland and Campbell (3 2 ).  Human to monkey;
(14)
(15)
monkey to monkey fo r  s e ve ra l generations; monkey to 
sheep; sheep to sheep fo r  s eve ra l generations; sheep 
hack to monkey; monkey to one horse and one c a l f .
I t  is  o f  in te r e s t  to note that rahhits r e s i s t  inocu­
la t io n .  I t  would appear that the v iru s  o f  Austra l-  
ian "X" d isease is  q u ite  d i f f e r e n t  from, hut o f  the 
same type as p o l io m y e l i t is  and en ceph a lit is  
le th a rg ic a .
HERPES LABI ALT 3 ( Syn. HERPES EEBRILIS).
Lowenstein (33 ,34 ), was the f i r s t  to record that 
the v irus o f  herpes l a b ia l i s  is  transm iss ib le  to 
rabb its  although, as po in ted  out by Da Eano (35 ), 
the f i r s t  successfu l transmission was made by Gruter 
in 1912-1914. His resu lts ,  which were not published 
t i l l  1920 (3 6 )t showed that i t  was p o ss ib le  to  in fe c t
the cornea o f  the rab b it  and that the cond it ion  could
*
be transm itted from animal to animal. With the 
f lu id  from experimental h e rp e t ic  k e r a t i t i s  o f  the 
rab b it ,  Gruter succeeded in  producing t y p ic a l  herpet ic  
les ions  on the eyes o f  b lin d  men.
Kraupa (37) confirmed Gruter ’ s work but again his 
a r t i c l e  appeared a f t e r  Lowenstein ’ s .
Lowenstein by s c a r i f y in g  the cornea o f  the rab b it  and 
then in fe c t in g  w ith  m ater ia l from herpes l a b i a l i s ,  
produced a severe  k e r a t i t i s  w ith  le s ion s  s im ila r  to 
human herpes corneae. The experimental cond ition  
could be transm itted from rab b it  to ra b b it .  Even 
d i lu t io n  o f  the in f e c t i v e  m ater ia l 1 in  200 d id  not 
apprec iab ly  dim inish i t s  v iru len ce . The m ater ia l 
was rendered n o n - in fe c t iv e  by heating to 56?C.for 30 
minutes or by keeping i t  in the incubator at 37?C. 
fo r  24 hours. Blood from herpet ic  cases was not 
capable o f  producing cornea l les ion s  in  rabb its , and
(16)
v e s ic l e  m ater ia l from cases o f  sca ld ing  and pemphigus 
was l ik e w is e  n o n - in fe c t iv e .
The nature o f  the le s io n  produced a f t e r  corneal 
in ocu la t ion  w ith  h e rp e t ic  m ater ia l i3 , a f t e r  48 hours, 
an op ac ity  along the l in e s  o f  s c a r i f i c a t io n .  The 
area o f  opac ity  r a p id ly  becomes increased in  s iz e ,
I
and the whole cornea becomes fi lm ed  over . The eye­
l id s  remain c losed  and on fo rc in g  them apart a puru­
le n t  exudate is  found and the t y p ic a l  appearance o f  
an in tense k e r a t i t i s  is  noted.
Although he f a i l e d  to in fe c t  w ith  B erk fe ld  f i l t r a t e s
.
o f  h e rp e t ic  m a te r ia l,  Lowenstein, from genera l con­
s id e ra t ion s , was o f  the opinion that the v irus is  a 
f i l t e r  passer.
Lowenstein ’ s resu lts  have been confirmed by Doerr (38 ), 
Stocker (39) and Baum (4 0 ).
Doerr made the v e ry  important observation  that rabb its  
inocu lated  co rn ea lly  w ith  human h e rp e t ic  m ater ia l 
showed not on ly the usual eye les ions which may be
observed a f t e r  48 hours, but symptoms in d ica t in g  in -
*
volvement o f  the c en tra l nervous system. These 
p ecu lia r  cereb ra l symptoms which appeared 5 to 7 days
a f t e r  in ocu la t ion  consis ted  o f  convulsions, movements 
in  c i r c l e s ,  trismus, t ra n s ito ry  pares is  o f  the 




o f  3uch cases death ensued although recove r ie s  were 
noted. In  a fu r th er  paper, Doerr, in  c o l la b o ra t ion  
w ith  Vochting (41 ),  confirmed these observations 
and extended the work o f  Lowenstein. I t  was found 
that a f t e r  inocu la t ion  o f  the one cornea, the other 
became r e s is ta n t  to in fe c t io n ,  and the degree o f  
immunity was in  p roportion  to the len gth  o f  time 
between the two inocu la t ion s , thus showing a genera l 
immuni ty*
Moreover, by intravenous in ocu la t ion  o f  in f e c t i v e  
m ater ia l from experimental k e r a t i t i s ,  a genera l
h e rp e t ic  cond it ion  could be produced in  the ra b b it .
.
Having drawn a tten t ion  to the cerebra l symptoms
fo l lo w in g  experimental h erpe t ic  k e r a t i t i s ,  Doerr and
Vochting showed that the bra in  m ate r ia l was in f e c t i v e
when introduced aubdurally in to  rab b its ,  and the v irus
could be passaged by such inocu la t ion s . They thus
showed that herpes v iru s  has a d is t in c t  a f f i n i t y  fo r
the cen tra l nervous system and suggested a p o ss ib le
r e la t io n sh ip  between that v irus and the v irus o f
en cep h a lit is  le th a rg ic a .  Doerr and Vochting,however,
could not reproduce k e r a t i t i s  from bra in  m ater ia l,  but
th is  was shown to be p o ss ib le  by Blanc (4 2 ).  This
. .
observer confirmed the work o f  Doerr and Vochting and 
showed that rabb its  may d ie w ith  cerebra l symptoms
(18)
5 days a f t e r  cornea l inocu la t ion  with, h erp e t ic  mater­
i a l .  Moreover, hra in  emulsion from such animals 
co iild  cause h e rp e t ic  k e r a t i t i s  in  other- rabb it3 , some 
o f  which d ied w ith  symptoms o f  en cep h a l i t is .  Blanc 
a lso  po in ts out the s im i la r i t y  o f  the experimental 
en cep h a lit is  produced by h erp e t ic  v iru s ,  and by 
m ater ia l from cases o f  en ceph a lit is  le th a rg ic a .
Blanc and Caminopetros (43) and Doerr and Schnabel 
(21) showed that rabb its  recover in g  from h erp e t ic  
k e r a t i t i s  were subsequently immune to subdural inocu­
la t io n  w ith  in f e c t i v e  bra in  m a te r ia l.
With regard to the s u s c e p t ib i l i t y  o f  other animals to 
h e ro e t ic  v iru s , Doerr and Vochting (41) showed that 
the in fe c t io n  could be transm itted from the rab b it  
to the guinea p ig ,  and th is  observation  was confirmed 
by Luger and Lauda (4 4 ),  T e is s ie r ,  Gastinel and
I
R e i l l y  (45) found that the r a t  was su scep tib le  to 
in t ra -c e r e b ra l  inocu la t ion , but not, or on ly s l i g h t l y  
so to corneal in fe c t io n .
Blanc and Caminopetros (42 ,46 ), have shown that the 
dog, p igeon, toad and monkey are immune to corneal 
in fe c t io n ,  whereas the white mouse is  su scep tib le .
The question o f  f i l t e r a b i l i t y  o f  the v irus is  s t i l l  
c o n tro v e rs ia l ,  but most observers are agreed that 
the e t i o l o g i c a l  agent o f  herpes is  a f i l t e r  passer.
(19)
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HERPB3 GENITALIS.
With regard to herpes g e n i t a l i s ,  Blanc and 
Caminopetro3 (46 ),  Lipschutz (47 ), Montana (48 ),
Ravaut and Rabeau (49 ),  showed that the v e s icu la r  
f lu id  could produce k e r a t i t i s  in  ra b b its .  Moreover, 
Fontana showed that m ater ia l from such an experimental 
k e r a t i t i s  could produce a t y p ic a l  h e rp e t ic  v e s ic l e  on 
human sk in , and confirmed the observation  o f  Lipschuta 
that herpes g e n i t a l i s  is  transm iss ib le  from man to 
man by skin in oc ii la t ion .
HERPES ZOSTER.
In  d iscussing herpes zo s te r ,  Da Ib.no (35) h es ita tes  
to s ta te  that i t  is  caused by the same v iru s  as herpes 
l a b i a l i s  and herpes g e n i t a l i s .
T r u f f i  (50) and Meineri (51) claim to have transmitted 
a v iru s  from herpes zos te r  to the ra b b it  and guinea 
p ig  r e s p e c t iv e ly ,  but th e ir  resu lts  are not conclus­
iv e ,  Luger and Lauda (52) s ta te  that v e s ic l e  f lu id  
from cases o f  herpes zos te r  is  n o n - in fe c t iv e  fo r  the 
ra b b it .
With regard to the e t i o l o g i c a l  agent o f  
herpes, numerous in v es t ig a to rs  have described minute 
p a r t ic le s  both in  human v e s ic le s  and in  the exper i­
mental d isease in  the rabb it ,  which they consider to 
be the in c i ta n t .
A
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H is to lo g ic a l  in v e s t ig a t io ns as to the nature 
o f  herpes v i rus,.
Lov/enstein noted in  sections o f  v e s ic le s  from the 
ra b b it ,  s ta ined  by Giemsa’ s method, numerous very  
minute p a r t ic le s ,  resembling b a c i l l i  or d ip lo co c c i .
In  preparations s ta in ed  by Pappenheim’ s panchromatic 
method (Jenner-Giemsa), he noted d i f f e r e n t  s iz ed  
p a r t ic le s  arranged in  pa irs , reddish-purp le in  colour 
and fre q u en t ly  surrounded by a ha lo . S im ilar bodies 
were a lso  noted in  human h erp e t ic  v e s ic le s  and in  
human serum to which v e s i c l e  f lu id  had been added.
A l l  attempts to cu ltu re  these bodies f a i l e d .  Later 
Lowenstein (53) examined film  preparations from 
experimental h erp e t ic  i r i t i s  and not iced  in  .Jenner- 
Giemsa specimens that the leucocytes contained minute 
bodies arranged in  pa irs  and s ta in in g  reddish, w h ile  
bluejcoloured granules surrounded by a fealo were 
observed in  the cytoplasm o f  e p i th e l i a l  c e l l s .
In  1921 Blanc and Caminopetros (46) no t iced  in  
Romanowsky preparations from the con junctiva l 
secre t ion s  o f  rabb its  s u f fe r in g  from h erp e t ic  kera­
t i t is ^  small deep ly s ta in in g  granules,
Ba Pano (35) in  an important paper in  1923 described 
a d e ta i le d  3tudy o f  the brains o f  rabb its  in fe c ted  
in t r a c e r e b ra l ly  w ith  h e rp e t ic  v iru s . In  the
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nervous system he finds "granu lar structures morpho-
-
l o g i c a l l y  s im i la r  to the en cep h a lit ic  neuro-corpuscles 
o f  L e v a d i t i ,  Harv ier and U icolau, .morphologically and
t i n c t o r i a l l y  id e n t ic a l  w ith  the minute "bodies found
■
w ith in  and without the cen tra l nervous system o f  
cases o f  l e th a r g ic  e n c e p h a l i t is . "  Da Fano names 
these structures "minute h e rp e t ic  "bodies" and 
suggests that they might "be the v irus  i t s e l f  or 
p a r t ic le s  o f  organ ic matter to which the v irus 
tenac iou s ly  c l in g s »
Lipschütz (54 ,55 ), describes in  the v e s ic le s  o f  
herpes zo s te r ,  and also in  experimental herpes zo3ter  
in  the rab b it ,  minute in tra -n u c lea r  in c lu s ions .
S im ila r  bodies were a lso  found in  the o r ig in a l  and 
experimental les ion s  o f  herpes l a b ia l i s  and herpes
g»
g e n i t a l i s .  Such in c lus ions , termed ^  and »  bodies, 
vary  in  s i z e  and may be as la rg e  as 2 when they 
almost e n t i r e ly  f i l l  the nucleus o f  the e p i th e l i a l  
c e l l .  They are b r igh t  red or purple red structures 
and are sa id  to be e a s i ly  d is t in gu ish ab le  from the 
nucleus and nucleo lus, Lipschütz considers them to 
be a s p e c i f i c  rea c t ion  to the virus by the c e l l  and 
nucleus. Owing to the resemblance o f  these 
structures to the "Clamydozoa" o f  Prowazek, the 
name "clamydozoono3es" has been suggested. Luger
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and Lauda (52) found s im ila r  bodies but do not re -  
gard them as s p e c i f i c .
C u lt iva t ion  experiments w ith  h e rp e t ic  v irus have 
f a i l e d  to rev ea l the e t i o l o g i c a l  agent.
Kooy {56? .claims to have is o la t e d  from human and 
experimental h erpet ic  conditions , a short pleomorphic 
b a c i l lu s ,  w ith  which he claims to have produced 
herpetic  cond it ions . Luger and Lauda (57 ), have 
been unable to confirm Kooy! s r e s u lt s .  Other workers 
have co n s is ten t ly  f a i l e d  to f in d  any d e f in i t e  e t i o ­
lo g ic a l  agent, and the present op in ion is  that the 
in c ita n t  is  an unknown new species and probably 
f i l t e r a b l e .
(24)
THE RELATION BETWEEN THE SO-CALLED VIHU3 
OF ENCEPHALIT IS  LETHARGICA AM) THE VIRUS OF HERPES 
LABIALIS.
Doerr and Vochting (41 ), as p rev iou s ly
mentioned, had noted that corneal s c a r i f i c a t i o n  o f
h erpet ic  m ater ia l in  rabb its  is  fo l low ed  ahout a week
afterwards by symptoms in d ica t in g  involvement o f  the 
’
cen tra l nervous system, and suggested that the v iru s  
o f  herpes was a l l i e d  to  that o f  en cep h a l i t is .  La ter  
L e v a d it i  and Harv ier (12) a lso  showed that h erp e t ic
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viru3 was capable o f  g iv in g  r i s e  to en cep h a lit ic  
symptoms when inocu lated in to  rab b its .  These obser­
vations were confirmed by Blanc (4 2 ),  Blanc and 
Caminopetros (4 3 ),  Doerr and Schnabel (2 1 ) .  I t  was 
shown that the s o -c a l le d  en cepha lit is  v iru s  was able 
to produce d e f in i t e  h e rp e t ic  v e s ic le s  when inocailated 
on the s c a r i f i e d  cornea o f  a rab b it .
Gross immunity te s ts  fu r th er  showed that the v iru ses  
were very  c lo s e ly  a l l i e d  to each other, i f  not 
id e n t ic a l .  A rabb it  recovered from a weak s t ra in  o f  
herpes, is  com pletely  p ro tec ted  aga inst a massive dose 
o f  encepha lit is  virus inocu lated  in t r a c e r e b ra l ly .  
S im ila r ly , immunity produced by the en cep h a lit ic  
s t ra in  p ro tec ts  the animal against a v iru le n t  s t ra in  
o f  herpes v iru s .
L e v a d it i ,  H arv ier  and N icolau  (20) came to the con­
clus ion  that the v irus o f  herpes and that o f  epidemic 
en cepha lit is  are o f  the same nature; the former being 
on ly  a less  v iru le n t  v a r ie t y  o f  the l a t t e r .
Doerr and Schnabel (21,22) although expressing the 
same opinion ■were much more guarded in  th e ir  s t a t e ­
ment, Schnabel (29) has shown that en ceph a lit is  
’
v irus as contained in  the bra in  o f  the rab b it  can 
induce h erp e t ic  v e s ic le s  on the human sk in .
At the present time i t  i s  im possib le to s ta te  d e f i -  
n i t e l y  the p rec is e  r e la t io n sh ip  o f  the v iruses o f  
en cepha lit is  le th a rg ic a  and herpes f e b r i l i s .  In  view 
o f  the published fa c ts  and in  view  o f  some experiments 
which I  made w ith  the v iruses a v a i la b le  (see  part  3 
o f  th is  th es is )  I  am o f  the opinion that, u n t i l  proved 
otherw ise, they should be regarded as id e n t ic a l .  In 
view o f  the d i f f i c u l t y  o f  transmission o f  en cep h a lit is  
v irus from the human^/to the rab b it  our present know­
ledge a3 to the p re c is e  nature o f  that v iru s  is  s t i l l  
very  scanty and when fu rther  facts  have been obtained 
then the exact re la t io n sh ip  between the two v iruses 
may become more d e f in i t e l y  es tab lished .
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Part 2.
THE DIAGNOSTIC VALUE OP 3RAIN LESIONS 
IN THE DOMESTIC RABBIT,
! •
The use o f  the rab b it  as an experimental animal fo r  
the study o f  diseases o f  the cen tra l nervous system 
has "been g r e a t ly  extended during the l a s t  few years. 
Recently  a la r g e  amount o f  work has "been done on the 
experimental transmission o f  the v irus o f  en ceph a lit is  
le th a rg ic a  and o f  herpes la h ia l i s  to the rab b it  by 
means o f  in t ra -c e r e b ra l  inocu la t ions , the presence 
o f  c e r ta in  cereb ra l les ion s  being the c r i t e r io n  fo r  
a p o s i t i v e  transmission. The d esc r ip t ion  and i l l u s ­
tra t ion s  o f  the changes in  the brains o f  such ex p er i­
mental animals are s im ila r  to those noted by Bull 
(58) and O liv e r  (59) as occurring in  uninoculated
stock rab b its ,  and to the les ion s  described by 
.
Reas oner (60) as being c h a ra c te r is t ic  o f  experimental 
cerebra l s y p h i l is  in  the ra b b it .
As a number o f  observers have based th e ir  conclusions 
s o l e l y  on the resu lts  o f  thr m icroscopic examination 
o f  the brains o f  these animals, Dr. ï le x n e r  suggested 
that I  should r e - in v e s t ig a te  the question as to the 
d iagnos tic  va lue o f  c e r ta in  rab b it  bra in  les ion s , 
employing a la r g e  amount o f  m ater ia l which happened 
to be a v a i la b le  at the time. In  thi3 way the 
frequency and s e v e r i t y  o f  such changes could be 
ascerta ined  in  animals which had not been inocu lated 
in t r a -c e r e b ra l ly ,  and, in  add it ion , the observations
(27)
o f  other workers could he co n tro l led .
The value attached to the s o le  presence o f  
ce reb ra l les ions  is  shown in  the fo l lo w in g  b r i e f  
rev iew  o f  the l i t e r a t u r e .
(28)
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L ite ra tu re .
Loewe, H irsch fe ld , and Strauss (61 ,62 ,) 
diagnose the presence o f  en cep h a lit ic  v iru s  in  ex­
perim ental rabb its  from the h is t o lo g ic a l  les ions  and 
po in t out that in  doubtful cases the h is t o lo g i c a l  
p ic tu re  s u f f ic e s  fo r  a d iagnos is . These observers 
s ta te  that the changes con s is t  o f  a marked m eningitis  
w ith  an i n f i l t r a t i o n  o f  mononuclear leu cocy tes . The 
small b lood vesse ls  in  the co rtex  and in  the basal 
gan g lia  show a per ivascu la r  i n f i l t r a t i o n  w ith  mono­
nuclear c e l l s  and there  may be areas o f  mononuclear
i n f i l t r a t i o n  surrounding a zone o f  n ecros is .  These
'
les ions  are s ta ted  to be s im ila r  to those found in  the 
human brain  in  en cep h a lit is  le th a rg ic a  and to be 
d iagnostic  o f  the experimental d isease . Moreover, 
they have claimed the is o la t io n  o f  a micro-organism 
which they regard as the e t i o l o g i c a l  agent o f  
en ceph a lit is  le th a rg ic a ,  (63,30,31) and when cultures 
are inocu lated  in t r a c e r e b ra l ly  in  rab b its ,  les ions  
s im i la r  to the above are found. Based on these 
r e s u lts ,  they assert  that the cu lture  causes encephal­
i t i s  le th a rg ic a ,
From th e ir  published experiments, i t  is  
noted that rabb its  dying the day a f t e r  in tracereb ra l 
in je c t io n  w ith  suspected encepha lit is  m ateria l may
(30)
show marked m en ingit is  w ith  i n f i l t r a t i o n  o f  mono­
nuclear leu cocy tes , per ivascu la r  i n f i l t r a t i o n  w ith  
monocuclears, and hemorrhages in to  the co rtex .
With regard  to s im ila r  le s ion s  Toeing found 
in  the "brains o f  non-inoculated ra"bbit3, Strauss ( 64 ) 
w r ite e :  "The ra b b it  has been found to have d iseases, 
e s p e c ia l ly  diseases o f  the blood vesse ls  s im ila r  to 
a r t e r i o - s c l e r o s i s , which has negatived  the work done 
in  the production o f  a r t e r io - s c le r o s is  in  rab b its ,  
but I  know o f  no other le s io n  o f  any importance that 
has been found by experimental workers in  rab b its ,  
e s p e c ia l ly  when using ca re fu l  methods, which is  l i k e  
that produced by our in o cu la t io n s ."  Loewe (65) 
sta tes  : "Throughout our ex tens ive  animal experimenta­
t ion , we have never met the spontaneous production o f  
the c h a ra c te r is t ic  l e s io n s . "  These observers have 
been supported by Thalimer (66 ,6 7 ,)  who a ffirm s that 
"v irus  from the c en tra l nervous system has been in -  
je c te d  in to  rabb its  and has produced the disease — 
has produced the m icroscopic les ions  o f  the d is ea se ."  
He also regards the p er ivascu la r  and meningeal i n f i l ­
t ra t io n  in  the bra in  o f  the rab b it  as being "diagnos­
t i c  o f  the d is ea se ,"
K lin g , Davide, and L i l j e n q u is t  (68 ,69 ,70 ,71 ,) 
in  add it ion , emphasize the presence o f  bra in  les ions
(31)
as evidence o f  the experimental transmission o f  
en cep h a lit is  v iru s . They po in t out that rabb its  
dying many months a f t e r  in tra c e reb ra l  inocu la t ion  
may show these changes. In  one experiment, 2 
rabb its  were in je c te d  in t r a c e r e b ra l ly  w ith  f i l t r a t e s  
from nasopharyngeal washings. One rab b it  d ied 7 
months l a t e r  w ithout ex h ib it in g  any symptoms, but a 
m eningo-encephalitis was found in  the bra in  on m icro- 
scopic examination. The bra in  o f  th is  animal was 
inocu la ted  in t r a c e r e b ra l ly  in to  a second rab b it ,  
which died 4 months l a t e r .  This animal a lso  showed 
a p a th o lo g ica l  p ic tu re  s im ila r  to those p rev iou s ly  
described. In  other experiments, one rab b it  d ied 31- 
months and another lOfr months a f t e r  inocu la t ion .
From the meningeal and per ivascu la r  in f i lt r a t io n  in 
a l l  these rab b its ,  the authors considered the m ateria l 
used fo r  in ocu la t ion  to contain the v irus  of encephal­
i t i s  le th e r g ic a .  They remark: " I t  is  astonish ing 
that so pronounced an inflammation can be produced 
without g iv in g  r i s e  to any apparent cerebra l 
symptoms." Recen tly  these authors have attempted to 
perform cross-immunity tes ts  between herpes and 
en ceph a lit is  le th a rg ic a  on animals which have been 
inoculated in t r a c e r e b ra l ly  6 to 7 months p rev iou s ly . 
They draw conclusions that the en ceph a lit ic  v irus
(32)
does not immunize aga inst the h e rp e t ic .  The 
c r i t e r i a ,  however, fo r  determining the en ceph a lit lc  
in fe c t io n  were s o le ly  the p e r iva scu la r  and meningeal 
i n f i l t r a t i o n s  w ith  mononuclear c e l l s ,
McIntosh (72) reports  the in ocu la t ion  o f  
human cerebrosp ina l f lu id  in to  a rab b it  which died 7 
months a f t e r  in je c t io n .  On the basis  o f  “ ex tensive  
i n f i l t r a t i o n  in  b ra in " ,  he male es the diagnosis o f  
en ceph a lit is  le th a rg ic a .  McIntosh asserts that in  
en ceph a lit is  le th a rg ic a ,  the c e l lu la r  i n f i l t r a t i o n  
consists  mainly o f  lymphocytes and g l i a l  c e l l s .  
Supporting K l in g ’ s work, he suggests that a h igher 
percentage o f  en cepha lit is  cases would be obtained 
from cerebrosp ina l f lu id  i f  rabb its  which showed no 
signs a f t e r  in tra c e reb ra l inocu la t ion  were k i l l e d  10 
to 20 days la t e r  and. the bra in  examined h i s t o l o g i ­
c a l ly .  McIntosh fu rther emphasizes that the most 
important features o f  the les ion s  o f  epidemic 
en ceph a lit is  in  rabb its  are: ( l )  the s i t e ,  namely 
the meninges and around the blood v e s s e ls .  (2 ) The 
nature o f  the c e l l s  — lymphocytes and g l i a l  c e l l s  -■ 
and (3 ) The presence o f  small f o c i  o f  c e l l s  in  the 
brain  sub3tance.
Reasoner (60 ), in  experimental s y p h i l is  o f  
the rab b it ,  noted in  the brains o f  a f fe c t e d  animals
meningeal and pe r iva scu la r  i n f i l t r a t i o n  w ith  mono­
nuclear c e l l s .  He a lso describes fo c a l  n ecro t ic  
les ions  in  the cortex, w ith  marked p r o l i f e r a t i o n  o f  
plasma c e l l s  and lymphocytes.
P lau t, and Mulzer (73) f in d  s im ila r  les ion s  
in the brains o f  rabb its  inocu la ted  w ith  Treponema 
pallidum and regard the m icroscopic f ind ings  as 
evidence o f  ce reb ra l s y p h i l is .  Brown and Pearce 
(74 ),  however, when considering changes in  the brain 
in  experimental s y p h i l is  in  the rab b it ,  emphasise that 
les ions  analogous to those which might be produced by 
a s y p h i l i t i c  in fe c t io n  may be found in  supposedly 
normal ra b b its .
Other observers have a lso  drawn a tten t ion  to 
the fa c t  that le s ion s  similar* to those ju s t  described 
may be found in  non-inoculated rabb its  or in  rabb its  
su f fe r in g  from other d iseases.
Thus Bu ll (58) po inted out that the perivascu- 
la r  changes in  the brains o f  rabb its  inocu la ted  w ith  
s trep to cocc i from cases o f  p o l io m y e l i t is  could be 
found in  3 toclc rabb its  dying o f  b a c i l la r y  septicem ia 
and concluded that these pa th o log ica l find ings were 
not p ecu lia r  to p o l io m y e l i t i s .  He also noted “ areas 
o f  necrosis  o f  nerve c e l l s  surrounded by in f i l t r a t io n ,  
o f  c e l l s  o f  the lymphocytic type and. adjacent to
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"blood vesse ls  showing p e r iva scu la r  i n f i l t r a t i o n  
extending usua lly  from the meninges,”
La ter , O l iv e r  (59) drew a tten t io n  to the 
presence in  stock rabb its  o f  a chronic meningo­
en cep h a lit is ,  namely, i n f i l t r a t i o n  o f  the meninges 
o f  the per ivascu la r  areas w ith  mononuclear c e l l s .
He points out th e ir  s im i la r i t y  to the b ra in  les ions  
o f  human en cepha lit is  le th a rg ic a .  In add it ion  to 
these les ion s  are described areas o f  necrosis  f i l l e d  
w ith  c e l lu la r  debris and a lso fo c a l  areas o f  i n f i l ­
t ra t io n ,  The number o f  animals examined and the 
ex is tence  o f  minor in fe c t io n s  such as sn u f f le s  are 
not mentioned.
(35)
This "brie f rev iew  o f  the l i t e r a t u r e  shows 
that caution is  necessary in  the in te rp re ta t io n  o f  
experimental re su lts  when cerebra l le s ion s  in  rabb its  
are s o le ly  used as c r i t e r i a .
An in v e s t ig a t io n  was undertaken to determine the 
frequency and nature o f  ce rebra l le s ion s  in  (CL-) 
uninoculatedjSupposedly normal rab b its ,  (b ) those 
inocu lated  (not in t r a -c e r e b ra l ly ) ,  w ith  various mater­
ia l s ,  and (&) those s u f fe r in g  from spontaneous in t e r ­
current in fe c t io n s .  The re s u lts  o f  the examination 
o f  372 rabb its  w i l l  form the substance o f  th is  paper. 
The p a th o log ica l f ind ings w i l l  be described f i r s t  
and the inc idence among d i f f e r e n t  groups o f  animals 
w i l l  be shown la t e r ,  and f i n a l l y  the s ig n i f ic a n c e  o f  
the resu lts  w i l l  be discussed.
Materi a l used. In  order that as much mater­
i a l  as p oss ib le  should be c o l le c te d ,  Doctors Brown 
and Pearce o f  the R o ck e fe l le r  In s t i tu t e  kinaljr p laced  
at my d isposal sections o f  brains o f  a number o f  
animals, some having been inocu lated  w ith  a trans­
p lan tab le  rab b it  tumour, others ea r ly  cases o f  ex­
perimental s y p h i l is ,  and the remainder normal animals.
The animals employed in  the tumour and 
s y p h il is  experiments were c a r e fu l ly  s e le c te d  and kept 
in r i g i d  quarantine in in d iv id u a l cages b e fo re  being
( 3 6 )
used. Onl y  those which showed no evidence o f  any 
disease whatsoever were used fo r  in ocu la t ion . The 
normal animals were con tro l to th is  s e r ie s ,  and th e ir  
freedom from d isease was v e r i f i e d  "by autopsy. In 
add it ion  to th is  m a te r ia l,  the "brains from stock 
animals w ith  s n u f f le s ,  from normal rabb its  k i l l e d  to 
obtain kidney t is su e , and from stock animals o f  
d i f f e r e n t  ages chosen at random, were sec t ioned  and 
examined« In  some o f  the animals complete trans­
verse  sections o f  the cerebrum on ly  were obtained, 
but in  the others, sections o f  fo rebra in , the com­
p le te  cerebrum, the mid-brain, and the medulla were 
secured. The m ater ia l from Doctors Brown and 
Pearce was f ix e d  in  Zenker’ s f lu id  and the remainder 
in  10 per cent form alin  in  normal s a l in e  s o lu t io n .
A l l  sections  were s ta ined  by hematoxylin eosin , w h ile  
some showing les ion s  were s ta in ed  by Giemsa’ s method. 
In add ition , frozen  sections  o f  the brains from 
rabbits w ith sn u ff le s  were cut at once, and i f  
les ions were present, emulsions o f  bra in  substance 
were inocu lated in t ra c e r e b ra l ly  in to  small (800 - 
900 gram) rabb its , and cultures made in  various 
aerobic and anaerobic media,
Results o f  Examinat io n .  The les ion s  found 
in  the brains o f  these rabb its  are ch aracter ized  by
"
the presence o f  mononuclear leucocytes and may be 
c la s s i f i e d  in to  4 types.
1. P e r iva scu la r  i n f i l t r a t i o n .
2. I n f i l t r a t i o n  o f  the meninges,
3. I n f i l t r a t i o n  under the ependyma 
o f  the l a t e r a l  v e n t r ic le s .
4. I n f i l t r a t i o n  in to  the bra in  substance.
This c la s s i f i c a t i o n  does not separate the
.
les ions  in to  hard and fa s t  groups, as in  many cases 
les ion s  in  a l l  4 s i t e s  are presen t. U sually  the
per iva scu la r , meningeal, and i n t e r s t i t i a l  le s ion s  are 
found in the same case, but in  others one o f  the 
types may predominate.
The le s ion s  described in  d e ta i l  are as 
fo llow s  :
1* P e r iva scu lar  l e s io n . This is  the common­
est and most s t r ik in g  le s io n  and may vary  from a 
s in g le  la y e r  o f  mononuclear c e l l s  to a th ick , dense 
; sheath o f  c e l l s  almost obscuring the b lood  v e s s e l .  
Often, the so -ca l led  Virchow-Robin spaces surrounding 
the vesse l may be f i l l e d  w ith  such c e l l s .  In 
hematoxylin-eosin  preparations, the c e l l s  are small, 
round, and deepljr s ta in in g .
2. ■ Meningeal i n f i l t r a t ion . This le s io n  is  
not qu ite  so common as the per ivascu la r  and consists
(37)
o f  i n f i l t r a t i o n  in to  the p ia-arachnoid  o f  mononuclear 
c e l l s .  Often the le s io n  is  so marked that there is  
a broad band o f  c e l l s  on the surface o f  the, brain 
and there are f in g e r - l i k e  masses o f  c e l l s  dipping 
in to the bra in  t is su e  surrounding the b lood v e s s e ls .
The le s io n  may o c ca s ion a lly  be s l i g h t ,  but d e f in i t e ,
.
and appear as a few c e l l s  ly in g  apparently between 
the p ia  and the bra in  su rface  proper.
3« I n f i l t r a t ion under t he ependyma 
of  the l a t e ra l  vent r i e l e s .
This is  the le a s t  common le s io n  and may on ly  be found 
in the fo re -b ra in .  Care has to be taken in  d i f f e r ­
en t ia t in g  the mononuclear c e l l s  from nerve c e l l s  
which may be found in th is  reg ion . The nerve c e l l s  
are la rg e r ,  le ss  densely sta ined , and have an open 
chromatin network in  the nucleus. Carefu l examina­
t ion  w ith  the high powers o f  the microscope w i l l  p re­
vent any confusion as to the nature o f  the c e l l s .
4. I n f i l t r a t ion  in to  th e c e r ebral substance.
■
This le s io n  is  more common than the meningeal i n f i l ­
t ra t io n  and on ly  s l i g h t l y  le ss  frequent than the 
per ivascu la r  change, and is  usua lly  associa ted  w ith  
the l a t t e r .  This i n f i l t r a t i o n  may be d i f fu s e  w ith  
mononuclear c e l l s  s ca t te red  throughout the sec t ion , 
but u su a lly  there  are aggregations o f  c e l l s
( 3 8 }
*
d is tr ib u ted  throughout the b ra in . These fo c a l  
c o l le c t io n s  o f  mononuclear c e l l s  are  sometimes la rg e  
enough to be seen w ith  the naked eye in  the sta ined  
specimen. The neighbouring blood v e ss e ls ,  a3 a 
ru le ,  show marked p e r iva scu la r  le s io n s .
In  add it ion , there is  frequ en t ly  to be seen 
what has been described in  non -encephalit ic  rabb its  
by Reas oner (60 ),  Eu ll (58 ),  and O liv e r  (59 ), as 
fo c a l  areas o f  necros is , but are thought by K lin g  
(71) and others (61,62,64) to be d iagnostic  o f  exper i­
mental en ceph a lit is  le th a rg ic a .  I t  u su a lly  consists 
o f  an area in  which the centre is  d e f in i t e l y  n ec ro t ic  
and conta in ing granular debris . Around th is  is  an 
area o f  c e l l s  having a la rg e ,  fa in t ly - s ta in in g  
nucleus w ith  a w e l l -d e f in e d  nucleolus and an open 
chromatin network.
;
The c e l ls  in  r e la t io n  to the n ecro t ic  centre 
are phagocytic and may be seen f i l l e d  w ith deeply
s ta in in g  granular debr is . Around th is  c e l lu la r  zone
■
is  a m ononuclear-celled i n f i l t r a t i o n  and the adjacent 
blood vesse ls  show per ivascu la r  rings o f  s im ila r  
c e l l s .  Under h igher m agn ifica tion  may be seen an 
increase o f  g l i a l  t is su e  surrounding the le s io n  and 
forming more or le s s  o f  a capsule* I f  the sec t ion  
is  not taken through the centre o f  the necro t ic
(39)
(40)
focus, the la rg e r ,  e p i t h e l i a l - l i k e  c e l l s  and the 
r in g  o f  mononuclear c e l l s  on lj ' are seen.
In  other sec t ion s , sm aller fo c i  are observed, 
w h ile  in  others a process o f  hea lin g  w ith  d e f in i t e  
scar t is su e  may occur. Occas iona lly  groups o f  4 or 
5 e p i t h e l i a l - l i k e  c e l l s ,  without any mononuclear 
in f i l t r a t i o n ,  may be noted as small is lands in  the 
bra in  substance.
These areas o f  necrosis have been noted in 
15 per cent o f  the t o t a l  number o f  brains examined. 
The fo l lo w in g  tab le  shows the incidence o f  
these le s ion s  and the type o f  rab b it  in  which they 
were found. The les ion s  are c la s s i f i e d  as marked
and s l i g h t .  The marked les ions  are e a s i ly  d iscern­
ib l e  w h ile  the s l i g h t  les ion s  are d e f in i t e  and in d i­
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Erom th is  tab le  i t  is  noted that the les ion s  
o f  m eningo-encephalit is are present in  the bra in  o f  
about h a l f  the number o f  rab b its .  The incidence o f  
ce rebra l changes in  the tumour, s y p h i l is ,  and normal 
rabb its  is. approximately s im ila r  in  each case (40 to 
60 per c e n t ) .  In  the animals s u f fe r in g  from in t e r ­
current disease, excluding s n u f f le s ,  the percentage
j
is  h igher and r is e s  to 70 per cent, w h ile  in  the 
case o f  the sn u ff le s  rab b its ,  76 per cent are 
a f fe c t e d .
Thus out o f  a t o ta l  o f  372 rabb its  which have 
not re c e iv ed  in tracereb ra l in je c t io n ,  more than h a l f  
(55 per cent) have d e f in i t e  les ions  present in  the 
bra in , and in  47.5 per cent, the les ions  are marked. 
The presence o f  in tercu rren t in fec t ion s  may increase 
the p roportion  up to 76 per cent.
Results o f  animal inocu.isi.t i o n. 15 young 
rabb its  (800 to 900 grams) were inocu lated in t r a ­
cer e b ra l ly  w ith  0.25 to 0.35 cc. o f  suspensions o f  
ground bra in  t is su e  from 10 rabb its  having cerebra l 
le s ion s  determined by frozen  sections p r io r  to use.
In  none o f  these animals were any symptoms noted.
They were k i l l e d  at periods from 14 to 30 days a f t e r  
in ocu la t ion  and the brains sectioned and examined. 
Three exh ib ited  t y p ic a l  cerebra l le s ion s , but no
(43)
the same s i z e  and weight used as con tro l a lso showed
a s im ila r  p a th o lo g ica l  cond it ion .
*
Results o f  cu ltu re . Brains were removed 
from rabb its  under asep tic  conditions and frozen  
sect ions  were made. I f  le s ion s  were present, cu l- 
tures were made o f  the Brain, in  "broth, on felood agar 
p la te s ,  in  Smith-Noguchi medium, and on anaerobic 
rab b it -b lood  agar p la te s .  In  none o f  these media 
was any growth- obtained.
conclusions could be drawn as uninoculated animals of
(44)
DISCUSSION.
I t  appears that approximately on e -h a lf  o f  the 
372 rabb its  examined show p a r t ic u la r  les ion s  in  the 
"brain. They consist o f  mononuclear in f i l t r a t i o n ,  
e ith e r  surrounding the "blood ve ss e ls ,  under the ven- 
t r i c u la r  w a l l ,  throughout the meninges and in  the 
co rtex , or, more frequ en tly , in  more than one o f  
these areas. In  add it ion , p ecu lia r  n ec ro t ic  s tru c­
tures are present in  the c o r t ic a l  bra in  substance. 
This percentage is  maintained not only in  animals 
which are normal by a complete h is t o lo g ic a l  examina­
t ion , but a lso in  rabbit3 inocu lated  w ith  a non- 
in f  e c t iv e ,  transp lan tab le  tumour, and in  those in  the 
ea r ly  stages o f  experimental s y p h i l is ,  The propor­
t io n  o f  animals showing such les ions  is  increased in 
the miscellaneous disease group: in  the sn u ff le s  
s e r ie s  more than three-fourths may exh ib it  evidences 
o f  a m en ingo-encephalit is . I t  has been shown in 
another pajjer(75) that in  ordinary stock animals f r e e  
from nasal discharge, about 25 per cent exh ib it  
chronic s in u s i t i s .  On the other hand, sn u ff le s  is  
not the on ly  fa c to r ,  as animals fr e e  from any sinus 
or mastoid in fe c t io n  and in which no evidence o f  
d isease can be found m acroscop ica lly  may show pro­
nounced cerebra l changes. Furthermore, in the
disease group, which does not include sn u ff le s  but 
other in fe c t io n s ,  such as c o c c id io s is ,  subcutaneous 
abscesses and pneumonia, there is  al30 a h igher per- 
centage o f  "brain involvement than in  the normal. 
However, the presence o f  a transp lan tab le  tumour, or 
e a r ly  experimental s y p h i l is ,  does not m a te r ia l ly  
a f f e c t  the proportion  in  which these changes are 
found. Attempts at transmission and c u lt iv a t io n  
o f  bra in  t is su e  showing these les ion s  have f a i l e d  to 
y i e ld  p o s i t i v e  r e s u lts .
The frequent occurrence o f  spontaneous and 
acc iden ta l les ions  o f  a wide v a r ie ty ,  in  the bra in  o f  
the la b o ra to ry  rabb it , should have an important bear­
ing on the in te rp re ta t io n  o f  experimental resu lts  
based on the presence o f  s im ila r  ce reb ra l changes in 
th is  animal* This is  s t ro n g ly  emphasized by Doctor 
Rlexner (2 6 ).
Dor example, Reas oner (60) noted in  exper i­
mental s y p h i l is  o f  the rab b it ,  meningeal and p e r i ­
vascu lar i n f i l t r a t i o n  w ith  mononuclear c e l l s ,  assoc­
ia te d  w ith  fo c a l  n ecro t ic  areas in  the co rtex . In ­
deed, these changes are described as s p e c i f i c  fo r  
th is  experimental d isease. In Rig. 6 o f  Reasoner’ s 
paper, a m en ingit is  is  shown; in Rig. 7 a fo ca l  
n ec ro t ic  le s ion ; and in  Rig. 8 a p er ivascu la r
(45)
i n f i l t r a t i o n  la b e l le d  "c h a ra c te r is t ic  s y p h i l i t i c  
blood v e s s e l . "  I f  a comparison be made between 
these photographs and Rigs. 2 to 7, 11 to 14, and 16 
o f  the present a r t i c l e ,  i t  appears that normal 
rab b its , those inocu la ted  w ith  a transp lan tab le  
tumour, and those s u f fe r in g  from sn u f f le s  or other 
d iseases, re v ea l p r a c t i c a l l y  the same le s io n s ,  More- 
over, Bu ll (58) presents photographs, R igs. 12 to 17, 
o f  brains from rabb its  which succumbed to b a c i l l a r y  
in fe c t io n  or were k i l l e d  during a streptococcus in ­
fe c t io n ,  in  which the p e r iva scu la r  i n f i l t r a t i o n ,  the 
.
m en ingit is , and the fo c a l  n ecro t ic  le s ion s  are 
d e f in i t e l y  exh ib ited . So does O liv e r  (59 ),  whose 
i l lu s t r a t io n s  o f  meningeal, p e r iva scu la r , and ce re ­
b ra l n ecro t ic  le s io n s ,  R igs. 1 and 2, were taken from 
supposedly hea lthy  rabb its  o f  the la b o ra to ry  stock.
I t  is  th ere fo re  apparent that these ce reb ra l changes 
can hardly be considered as s p e c i f i c  m an ifesta tions 
o f  experimental s yp h i l is  in  the rab b it .
Recently  a number o f  in v e s t ig a to rs  have r e ­
ported the experimental production o f  le s ion s  o f  the 
meninges and bra in  by inocu la t ing  rabb its  w ith  the 
s o -ca l led  v iruses o f  epidemic ( l e th a r g ic )  encephal- 
I i t i s  and o f  f e b r i l e  herpes. Their c o n f l i c t in g  
resu lts  are probably due to a lack  o f  recogn it ion  o f
(46)
(47)
spontaneous or acc iden ta l ce rebra l le s ion s  in  th is  
experimental animal.
For example, Loewe and Straus3 (30,31,61,62, 
63,64), rep o r t  that the cerebra l changes which con­
s i s t  c h i e f l y  o f  a meningeal and p e r iva scu la r  mono­
nuclear i n f i l t r a t i o n  assoc ia ted  w ith  areas o f  
necrosis surrounded by a zone o f  mononuclear c e l l s ,  
in d ica te  the action  o f  the s o -c a l le d  v iru s  o f  enceph­
a l i t i s  le th a rg ic a .  They obtain s im ila r  re su lts  w ith  
th e ir  supposed cultures o f  th is  m a te r ia l .  They 
po in t out that in  doubtful cases o f  the di3ea.se in 
man, the in tra c e reb ra l in ocu la t ion  o f  the p a t ie n t 's  
sp ina l f lu id  in the rab b it  resu lts  in  the same 
les ions  which s u f f i c e  fo r  a diagnosis o f  epidemic 
en cep h a lit is .  These observers are supported by
Thalimer (6 7 ) .  ÎTow, i f  a comparison is  made o f
Loewe and Strauss’ photographs o f  the m eningitis 
(F ig .  8 o f  th e ir  a r t i c l e  31), the per ivascu la r  i n f i l ­
t ra t io n  (F ig s .  9, 10, 12, 13, 14, and 15 o f  the same 
a r t i c l e ) ;  F ig . 4 o f  another o f  th e ir  papers (30 ),  the 
fo c a l  i n f i l t r a t i o n  w ith  mononuclear c e l l s  (F ig s .  11 
and 13 o f  the f i r s t  a r t i c l e  31), the fo c a l  n ecro t ic  
areas (F ig .  10 o f  the same a r t i c l e ) ,  together w ith  
F igs, 4 to 8 o f  Thalim er's s e r ie s  (67 ), w ith  Figures 
1 to 16 i l lu s t r a t in g  the present paper, i t  w i l l  be
observed that the same les ion s  can occur in  hea lthy  
animals, or in  those employed fo r  a v a r ie t y  o f  exper i-  
mental purposes, but none fo r  in tra c e reb ra l  inocu la­
t io n .  A fu rth er  comparison may be made w ith  the 
photographs o f  s im i la r  conditions in  animals f r e e  
from the s o -c a l le d  en cep h a lit ic  v irus presented by 
B u ll (58) and by O liv e r  (59) and to which re fe ren ce  
has a lready been made.
K lin g  and h is co-woEkers (68 ,69 ,70,71,76 ,77 ), 
a lso  emphasize the presence o f  the cereb ra l les ions  
in  the rab b it  as evidence o f  the experimental trans- 
mission o f  epidemic en ceph a lit is  and o f  f e b r i l e  
herpes. In describ ing  the h is topatho logy , they 
s ta te ;  "Epidemic en ceph a lit is  is  ch aracter ized  not 
on ly by per ivascu la r  les ions  but also by chronic fo c iA
having a n ecro t ic  centre w ith  e p i th e l ia l  c e l l s  and 
surrounded by lym phocytes"(6 9 ) .  K lin g  reports
that from 50 to 60 per oent o f  the inocu la ted  rabb its  
r e v ea l  these cerebra l changes. On the other hand, 
o f  the present s e r ie s  o f  372 brains from a supposedly 
normal, lab o ra to ry  stock o f  animals and from those 
not inocu la ted  in t r a c e r e b ra l ly  or w ith  en cepha lit ic  
or h erpe t ic  m ater ia ls , 55 per cent show a s im ila r  
h is top a th o lo g ic  cond it ion . This can r e a d i ly  be seen 
by comparing the photographic reproductions o f  what
(48)
K lin g  and his co-workers regard  as s p e c i f i c  encephal- 
i t i c  changes as shown in  th e ir  P igs . 1, 3, 4, 5, 8 
(7 7 ),  F igs. 1, 2 and 4 (7 0 ),  and others (68 ), w ith  
F igs . 1 to 7, 13 and 16 o f  th is  a r t i c l e .  In  the 
l a t t e r  can he seen p r e c is e ly  s im ila r  meningeal and 
p e r iva scu la r  in f i l t r a t i o n s ,  and fo ca l  mononuclear 
le s io n s .  The p ecu lia r  n ec ro t ic  areas which they con­
s id e r  a3 pathognomonic o f  experimental encepha lit is
■
( t h e i r  F i g . l  (69) and which consists  o f  a cen tra l
. *
n ec ro t ic  area contain ing e p i t h e l i a l - l i k e  c e l ls  
surrounded hy a zone o f  mononuclear c e l l s ,  was found 
in  15 per cent o f  the r a b b its , supposedly normal or 
not inocu lated  w ith  en ceph a lit ic  m a te r ia ls .  An 
id e n t ic a l  le s io n  can he observed in  F igs. 11 to 16, 
presented herewith, and taken from a supposedly normal 
stock rab b it ,  from one w ith s n u f f le s ,  from three w ith  
a transp lan tab le  tumour, and from one in  the ea r ly  
stages o f  experimental s y p h i l is .
This st&dy leads to the conclusion that the 
cerebra l les ion s  found so frequ en t ly  in  the domestic 
rab b it  are p r e -e x is t in g ,  that is ,  they are present 
b e fo re  any experimental procedure is  begun. Their 
o r ig in  is  s t i l l  an unsolved problem. Do err and 
Zdansky (78) suggest that these p a th o log ica l changes 
which are independent o f  the les ions  o f  epidemic
(49)
(50)
en cep h a lit is  in  man may he due to p a ra s i t ic  a ffe c t ion s  
o f  the rah "bits. Recently  Tworb and Archer (7S) have 
reported  experiments which support th e ir  view that 
c e r ta in  spontaneous hrain les ion s  in  th is  animal are 
caused hy the ac t ion  o f  some u n id e n t i f ie d  f i l t e r -  
passing v iru s .  I t  is  important to note that th e ir  
experimental animals w ith  cereb ra l involvement show 
no symptoms in d ica t in g  d isease o f  the nervous system.
CONCLUSIONS.
Lesions o f  m eningo-encephalitis were found in 
55 per cent o f  372 rabb its  comprising the labora to ry  
stock regarded as hea lthy, others w ith  sn u ff le s  or 
dying from d i f f e r e n t  a f fe c t io n s  w h ile  being kept 
under observation , and s t i l l  others which were em­
ployed fo r  experimental purposes, such as tumour 
transp lan ta tion  and Treponema pallidum inocu la t ion . 
Rone was in je c te d  in t ra c e r e b ra l ly .  The les ion s  con­
s i s t  in  the main o f  i n f i l t r a t i o n  w ith  mononuclear 
c e l l s  occurring around the blood ve sse ls ,  in  the 
meninges, in  the cortex , and under the ependyma o f  
the l a t e r a l  v e n t r ic le s ,  together w ith  p a r t ic u la r  fo ca l  
n ec ro t ic  areas in  the co rtex . The incidence o f  
these h is to p a th o lo g ic a l  changes va r ies  in  d i f f e r e n t  
s e r ie s  o f  animals: in  those supposedly normal and
(51)
rabb its  inocu lated  w ith  a transp lan tab le  tumour or 
w ith  Treponema pallidum m ater ia l,  the percentage o f  
p o s i t iv e s  was from 40 to 60; in  those s u f fe r in g  from 
m iscellaneous d iseases, such as pneumonia, septicem ia, 
e t c . ,  the percentage was 70, and in  rabb its  i l l  w ith 
sn u f f le s ,  as many as 76 per cent were a f fe c ted *
Marked les ion s  were observed in  47,5 per cent o f  the 
t o t a l .
The h ls to p a th o lo g ic a l  p ic tu re  observed in 
these rabb its  corresponds to those o f fe r e d  by a 
number o f  in v es t ig a to rs  as the s o le  evidence o f  the 
transmission o f  c e r ta in  nervous diseases o f  man to 
th is  animal. The spontaneous and acc iden ta l cerebra l 
les ion s  in  the ra b b it  o f  a wide v a r ie t y  and o f  f r e ­
quent occurrence are to be regarded as p r e -e x is t in g  
b e fo re  any experimental procedure is  begun. Their 
re co g n it io n  is  o f  the utmost importance in  the 
in te rp re ta t io n  o f  experimental resu lts  based on the 
presence o f  s im ila r  changes in  th is  animal.
( 5 2 )
Part 3»
EXPERIMENTS OH THE SURVIVAL OP THE 30~CALLEI) 
VIHU3 OE ENCEPHALITIS LETHARGICAt AHP THE 
VIRUS OE HERPES EEBRILIS in  v i t r o .
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Much in te r e s t  centres at present ah out the 
su b jec t  o f  the e t io lo g y  o f  epidemic le th a rg ic  
en cep h a lit is  and o f  f e b r i l e  herpes. In  both condi­
t ions a v irus has been described as the in c i ta n t ,  but 
in  each the v iru s  possesses p rop er t ies  so u nd is tin - 
gu ishable that they cannot be separated by animal 
t e s t s .  There is  a general agreement among in v e s t i ­
ga to rs , however, regard ing the q u a l i t ie s  o f  the 
a c t iv e  agent o f  f e b r i l e  herpes and the in v i s ib l e  in ­
fe c t in g  micro-organism assoc ia ted  w ith  the les ions  
ch arac te r is in g  th is  cond it ion . In the case o f  the 
s o -c a l le d  v iru s  o f  encepha lit is  le th a rg ic a ,  many 
workers have is o la t e d  organisms vary ing  w ide ly  in 
th e ir  m orphological and cu ltu ra l ch a ra c te r is t ic s ,  each 
o f  which has been regarded as the in c ita n t  o f  the 
d isease .
At the request o f  Dr. Simon ELexner I  under­
took to repeat ce r ta in  experiments on the c u lt iv a t io n  
o f  the so-ca lled , v irus o f  epidemic encepha lit is  out­
s id e  the body. These experiments f a i l e d  to confirm 
the previous reports , and in  add it ion  some new fac ts  
have been secured which may be o f  value in  any further 
c u l t iv a t io n  tes ts  which may be undertaken.
LITERATURE.
Von Wiesner (80 ), Rosenow (81 ), and Brasher
(54)
and h is  associa tes (82) is o la t e d  Gram-positive s trep ­
to co cc i or d ip lo s trep to co cc i  from brains obtained 
from erases o f  en cepha lit is  le th a rg ic a  in  man. Morse 
and Crump (83) have described a s taphy lococcus-like  
microorganism occurring in  s im ila r  m a te r ia l .  Bradford, 
Bashford and Wilson (84) have c u lt iv a te d  in  Smith- 
Noguchi medium a f i l t e r - p a s s e r  from such t issu es , 
which is  s im ila r  in  some respects to the m icro­
organism recovered  by Loewe and Strauss (30 ,31 ), to 
be described p resen t ly .  Others have obtained in  cu l­
tures a Gram-positive coccus and a Gram-negative 
b a c i l lu s  (85 ,86 ,87 ,88 ).
Loewe and Strauss (30, 31) have reported  the 
i s o la t io n  o f  a f i l t e r - p a s s e r  from the bra in , sp ina l 
f lu id ,  f i l t e r e d  nasopharyngeal sec re t ion s , and blood 
from en ceph a lit is  lethargica. in  man, from the brain
*
o f  inocu lated  rabb its  and monkeys, and from, the 
nasopharyngeal mucosa o f  inocu lated rab b its .  This 
microorganism, they s ta te , can induce in  rabb its  the 
d isease resembling that o f  man. I t  resembles the 
g lobo id  bodies o f  p o l io m y e l i t is ,  and is  f i l t e r a b l e .  
Growth is  obtained in  the 3mith-Noguchi medium and is 
usu a lly  evidenced on the 5th to 7th day by clouding 
o f  the medium. Transfers to a sem iso lid  medium are 
on ly  p o ss ib le  w ith  la t e r  generations o f  the organism
(55)
when a genera l clouding occurs in  which co lon ies  can 
"be observed by m agn if ica tion . Growth, however, jn  
sem iso lid  medium is not obtained d i r e c t l y  from the 
in fe c t io u s  m a te r ia l.
Loewe and Strauss s ta te  that in tra c e reb ra l 
in ocu la t ion  o f  cu ltures reproduces the d isease in  
ra b b its .  The incubation per iod  is  from 2 to 42 days, 
when 50 per cent o f  the rabb its  succumb w ith t y p ic a l  
le s io n s ,  and in  a la t e r  s e r ie s  o f  20 rabb its  ”12 
succumbed w ith  ty p ic a l  le s io n s "  (60 per c e n t ) .  They 
b e l i e v e  that an apparent natural immunity ex is ts  in 
ra b b its .  In  turn, cultures from the bra in  and sp inal 
f lu id  o f  inocu lated  rabbits have produced les ion s  in  
5 o f  12 animals (42 per c e n t ) .  I t  is  important to 
mention that the c r i t e r io n  fo r  es tab lish in g  a p o s i t iv e  
transmission is  the presence o f  les ions in  the bra in  
noted, a f t e r  h is t o lo g ic a l  study. In onlj' one animal 
are c l i n i c a l  symptoms described, in  which para lys is  
o f  the p o s te r io r  ex trem it ies  occurred 5 weeks a f t e r  
in ocu la t ion  and then progressing to the a n te r io r  
limbs. H is to lo g ic a l  examination o f  the bra in  r e ­
vea led  " t y p ic a l  p a th o log ica l le s io n s " .  These con­
s i s t ,  in  b r i e f ,  o f  a meningeal and per ivascu la r  i n f i l ­
t ra t io n  w ith  mononuclear c e l l s  and small fo ca l  
necroses •
Loewe and Strauss ' resu lts  have "been con­
firm ed by Thalimer (67, 64), who emphasizes the im­
portance o f  the changes in  the bra in  as a c r i t i c a l  
s ign  o f  p o s i t i v e  transmission. He po in ted  out that
the les ion s  were sometimes confined to a small por- ,
‘
t io n  o f  the bra in  and cord, and many sect ions  were 
requ ired  so as not to miss them in  some specimens. 
Sometimes only a.n occasional blood ve ss e l showed 
p e r iva scu la r  i n f i l t r a t i o n  w h ile  irjothers nothing more 
than marked congestion o f  the bra in  was found.
The cu ltu ra l work o f  Loewe and Strauss and 




Prom th is  rev iew  o f  the l i t e r a t u r e  i t  is  
apparent that the question o f  the in c ita n t  o f  
en cep h a lit is  le th a rg ic a  is  s t i l l  open. The resu lts  
to he reported  in  th is  paper are "based on experiments 
undertaken at the request o f  Dr. Simon Plexner to 
study anew th is  problem.
The f i r s t  part o f  th is  3tudy r e la te s  to 
c u l t iv a t io n  tes ts  w ith  the s o -c a l le d  v irus o f  
en cep h a lit is  le th a rg ic a  and o f  herpes w ith  the object 
o f  i s o la t in g ,  i f  p o ss ib le ,  the microorganism o f  Loewe 
and Strauss for which ce r ta in  proo fs  o f  i t s  r e la t io n ­
ship to the d isease have been presented.
I t  was necessary f i r s t  to e s ta b lish  the 
presence o f  an in f e c t i v e  agent in  the m ater ia ls  em- 
ployed fo r  c u l t iv a t io n  be fo re  search fo r  a s p e c i f i c  
in c ita n t  could be begun.
M a te r ia ls .
In  the fo l lo w in g  experiments, two s tra ins  o f  
s o -c a l le d  en cepha lit is  and one o f  h e rpet ic  v irus were 
employed.
(58)
THE .SO-CALLED ENCEPHALITIS  VI HUSE S.
Strain  Levad.iti . This s t ra in  was ob­
ta ined  by Doctor L e v a d it i  from a case o f  encepha lit is  
le th a rg ic a ,  and forwarded to Doctor Dlexner, The 
v irus survives in  50 per cent g ly c e r o l  fo r  at le a s t  
6 months. In tra ce reb ra l in ocu la t ion  in to  rabb its  
produces, a f t e r  an incubation per iod  o f  4 days, 
e le va t io n  o f  temperature (41°C, to 43°C. -  106°P. to 
1090:f . ) ,  r e ten t io n  o f  u rine, profuse s a l iv a t io n ,  
gnashing o f  the teeth , marked tremor o f  the extrem i­
t i e s ,  w i ld ,  uncon tro lled  movements, and impairment o f  
v is io n ;  running in  c i r c l e s  and in te rm it t e n t ly  r is in g  
up on the p o s te r io r  ex trem it ies  and f a l l i n g  forward 
or backward. La te r  the animal becomes le th a rg ic  and 
p a re t ic ,  and dies in  a convu ls ive  a ttack , usu a lly  
7 - 9  days a f t e r  in ocu la t ion , S c a r l f ic a t io n  and 
inocu la tion  o f  the cornea produce marked con juncti­
v i t i s ,  w ith  v e s ic l e  formation along the l in e  o f  
s c a r i f i c a t io n  6 to 8 days la t e r ,  and k e r a t i t i s  and 
general symptoms are n o t iceab le  from the 8th to 12th 
day, fo llow ed  a few days l a t e r  by death.
A f t e r  in tra ce reb ra l inocu la tion , a l l  animals 
d ie  w ith  t y p ic a l  symptoms, but a f t e r  corneal in fe c t io n  
about 50 per cent recove r , This v irus had passed 
through 12 animal passages in  the R o ck e fe l le r
(59)
[
was "begun® The m .l .d ,  o f  the v irus is  0.02 cc paper 
f i l t r a t e  o f  a 5 per cent emulsion o f  fre sh  rab b it  
"brain in  s a l in e .
2» S tra in  Beck ley  (2 6 ) .  This s t ra in  was 
is o la t e d  "by Doctor P lexner from cerebrosp ina l f lu id  
obtained from a p a t ien t  diagnosed as "c e reb ra l 
s y p h i l i s " .  This v irus is  the most potent o f  the 
three, being more in tense than the h e rp e t ic  s t ra in
H.F.
In tra ce reb ra l  in ocu la t ion  produces symptoms 
a3 noted above in  2 days and death in  4 days.
Corneal in ocu la t ion  produces marked lo c a l  les ion s  in  
3 to 4 days and death w ith  t y p ic a l  symptoms in  7 to 
9 days,
No re co ve r ie s  have been noted e ith e r  a f t e r  
in tra cereb ra l or corneal inocu la t ion .
Death is  in v a r ia b ly  produced by the bra in  
in je c t io n  o f  0,001 cc . o f  a paper f i l t r a t e  o f  a 5 
per cent emulsion o f  fresh  rab b it  bra in  in  s a l in e .
When the present s e r ie s  o f  experiments was begun, 
th is v irus had been propagated through 12 successive 
animals »
In s t i tu te  "before the present ser ies  o f  experiments
Stra in  H .E. This v irus was obtained from 
a case o f  Herpes la b ia l  is  by Dr, ELexner. I t  is  
h igh ly  potent, and survives in  50 per cent g ly c e r in e  
fo r  at le a s t  9 months. In t ra -c e reb ra l  in je c t io n  
produces marked symptoms as described above in  2 to 3 
days. S c a r i f i c a t io n  o f  the cornea and subsequent 
in fe c t io n  produces a marked lo c a l  le s io n  in  4 to 6 
days and death in  7 to 12 days.
The symptoms are s im ila r  to those obtained 
w ith  the L e v a d i t i  v iru s , but are more in tense.
No recove r ie s  have been noted e ith e r  a f t e r
"
in tra c e reb ra l  or corneal inocu la t ion , and the m .l .d .  
on bra in  in je c t io n  is  0.001 co. o f  a paper f i l t r a t e  
o f  a 5 per cent emulsion o f  fresh  ra b b it  bra in  in  
s a l in e .  Up to the time o f  being rece iv ed , the v irus




I t  is  emphasised that in  each o f  these 3 
s tra in s  where v irus was known to be present, in t ra -  
cereb ra l in ocu la t ion  o f  the rab b it  w ith  the in fe c ted  
m ater ia l in v a r ia b ly  produced t y p ic a l  symptoms fo l lo w -  
ed by death. No natural immunity in  the rab b it  as 
described by Loewe and Strauss was noted.
C r i t e r ia  f o r  es ta b l ish in g  the experimen ta l 
d isease in  the rabbi t .  I t  is  necessary to s ta te  at 
th is  po in t the c r i t e r i a  which must be considered as 
e s sen t ia l  in  es ta b lish in g  experimental en cepha lit is  
le th a rg ic a  in  the ra b b it .  For reasons to be s ta ted  
sh o r t ly ,  the fo l lo w in g  are the requirements fo r  the 
d e f in i t io n  o f  the experimental d isease:
1. The per iod  o f  incubation . This va r ie s  
according to the v irus used, and i t s  method o f  in t r o ­
duction. The in t ra c e reb ra l  method on ly  has been 
employed in  these studies and w ith  fre sh  v iru s , under 
these cond it ions , symptoms may be observed in  2 to 5 
days. Under circumstances where the v irus has been 
attenuated, a p e r iod  up to 12 days may elapse b e fo re  
c l in i c a l  symptoms are noted. Owing to the potency 
o f  the v iruses and the small amounts necessary to 
produce the disease, i t  is  f e l t  that the presence o f  
the in f e c t i v e  agent should be demonstrable in  rabb its  
w ith in  2 weeks.
(61)
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2* Symptoms, The f i r s t  symptoms to he 
noted are e le va t io n  o f  temperature and r e ten t io n  o f  
u r in e . The former is  u su a lly  40.5°C. to 41.8°C.,
"but o f te n  reaches 42 .3°C ., o c ca s ion a lly  43* C. (109°S’. ) ,  
This temperature is  sustained throughout the course 
o f  the disease u n t i l  ju s t  "before death when i t  is
r a p id ly  lowered and may "become subnormal. The re -
.
ten t ion  o f  u rine is  a very  ffrequent s ign  and may "be 
demonstrated "by g en t ly  grasping the animal round the 
lo in s  and using v e ry  s l i g h t  pressure. Then as much 
as 300 cc. o f  u rine may "be expressed from the animal.
The fe v e r  nay continue fo r  24 to 48 hours, 
when genera l symptoms r e l a t i v e  to involvement o f  the 
cen tra l nervous system "become ev ident. The animal 
is  hypersensitive, makes wild, dashing movements, 
which owing to disturbance o f v ision  are often te r­
minated "by the animal h itting  the wall or other 
obstacles # After a few moments o f  quiescence, the 
animal "bends "back i t s  head, l i f t s  one or both fo r e  
paws o f f  the ground, then stands up on i t s  hind legs  
and f i n a l l y  f a l l s  backwards, forwards or sideways. 
Sometimes the animal runs in  c i r c l e s ,  at other times 
i t  may rush forward u n t i l  i t  is  stopped by some 
obstacle. S a liv a t io n  is  ve ry  frequ en t ly  observed.
The 3 a l iv a  runs f r e e l y  from the mouth, w etting  the
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fu r  around the jaws and neck. Grinding or gnashing 
o f  the tee th  is  a lso  ve ry  frequ en t ly  noted. The 
aniinal 3i t s  w ith  i t s  head e leva ted  and the gnashing 
is  d i s t in c t ly  aud ib le . A few hours l a t e r ,  the 
animal becomes weak and p a re t ic  and l i e s  on i t s  s id e .  
At th is  s tage , the temperature is  lowered and the 
breath ing laboured. A convu ls ive  attack fo l low s  in  
which the animal d ie s .
s * At autopsy, the v is c e ra  are found to be 
normal/ Care must be taken to exclude pneumonia, 
rab b it  septicem ia, or other a f fe c t io n s .  The bra in  
u su a lly  shows s l i g h t  congestion . There is  no 
apparent m en ingit is  presen t.
Cultures made from heart blood, lungs and
■
bra in  show no growth in  ord inary  media, thereby 
e l im ina tin g  septicem ia, pneumonia, or m en in g it is , or 
other known a f fe c t io n s  as the cause o f  death,
4. Transmiss i b i l i t y  o f  the v irus from rabbit, 
to rab b it  by means o f  in tra ce reb ra l in je c t io n s  o f  
suspensions o f  a f fe c t e d  bra in  can be e f fe c t e d  in d e f i ­
n i t e ly .  »
With respec t  to the m icroscopic le s ion s  in 
the bra in , i t  has been a lready shown by the w r i t e r  
that o f  372 rab b its ,  not inocu lated , e ith e r  in t ra -  
c e re b ra l ly  or w ith  en cep h a lit ic  or h erpet ic  v iru s ,
(64)
more than h a l f  (55 per cent) show "brain les ion s  which 
correspond to the d esc r ip t io n  g iven  "by ce r ta in  in - 
v e s t ig a to r3  as the s o le  c r i t e r io n  fo r  determining 
experimental en cep h a lit is  le th a rg ic a  in  ra b b its .
Since these les ion s  appear in  con tro l  animals, i t  was 
b e l ie v ed  that th e ir  presence could not be accepted as 
a c r i t e r io n  fo r  the determination o f  the experimental 
fM s e a s e , and, furthermore, the cons idera tion  o f  these 
changes as the on ly  evidence o f  a p o s i t i v e  trans- 
mission res ts  on fa u l ty  premises.
To summarize, the 4 r eq u is ite s  fo r  d e f in in g  
experimental en cep h a lit is  le th a rg ic a  in  rabb its  are : 
a) the incubation per iod , b) the t y p ic a l  symptomatol­
ogy? c) the absence o f  macroscopic changes in  the 
organs except fo r  s l i g h t  congestion o f  the bra in , 
d) absence o f  concomitant or secondary in fe c t io n s  by 
ord inary b a c te r ia  (pneumonia, p e r i t o n i t i s ,  abscesses, 
rab b it  septicem ia , or other diseases, and absence o f  
growth o f  b a c te r ia  from these organs or blood in  
ord inary media, and e) t r a n s m is s ib i l i t y  o f  the v irus 
from rab b it  to rab b it  in d e f in i t e ly .
The f i r s t  experiments r e la te d  to c u l t iv a t io n  
tes ts  employing fo r  th is  purpose the Smith-iToguchi 
technique.
C u lt iva t io n  in  Smith-Hoguchi Medium,
/
The technique employed was as fo l low s ;
The m ater ia l used consis ted  o f  p ieces  o f  
ra b b it  b ra in  which contained the v iru s . The animal 
was s a c r i f ic e d  when in  extremis and the brain  immed-ill I
i a t e l y  removed w ith  s t r i c t  asep tic  precautions. The 
complete autopsy was f in ish ed  to exclude in te rcu rren t 
in fe c t io n s .  The cerebrum was c a r e fu l ly  cut in to  
portions about 1 cm. square. Such fragments were 
added to Smith-Noguchi medium and as con tro ls  s im ila r  
p ieces were inocu la ted  in to  broth, and a lso smeared 
on rab b it  b lood agar p la te s ,  the l a t t e r  being incu­
bated under both aerob ic and anaerobic cond it ions .
In  add it ion , a 5 per cent emulsion o f  bra in  was made 
in  s a l in e  and 0.25 co, was inocu lated  in t ra c e r e b ra l ly  
in to  a ra b b it  as a con tro l fo r  the presence o f  the 
v iru s .  The Smith-lloguchi medium wa3 in  accordance 
w ith  the requirements o f  Loewe and Strauss. The 
a s c i t i c  f lu id  was f r e e  from b i l e ,  c le a r ,  and had a 
high s p e c i f i c  gravà t j ’u
Cultures were examined every day and those 
showing contamination were d iscarded. Using an 
accurate technique, i t  was on ly  very  occas ion a lly  
that suoh accidents occurred. In no instance was 
contamination o f  the broth  or blood agar p la tes  noted. 
The Smith-Uoguchi tubes were c a r e fu l ly  examined fo r  




When 3uch clouding d id  occur i t  happened that a 
s im i la r  cond it ion  was noted in  the uninoculated tube3. 
Filins were made from a l l  tubes, however, on the 5th, 
7th, 10th,and 14th day o f  incubation at 37°C., and 
s ta ined  by polychrome methylene blue, Gram’ s and 
Giemsa’ s methods. At the end o f  10 days, sub­
plants were made in to  fresh  Smith-Noguchi medium, 
which, in  turn, was s im i la r ly  sub-planted 10 days 
la t e r »  In other words, 3 sub-cultures were made be- 
fo re  a f in a l  r e s u lt  was noted.
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Using L e v a d it i  and Beckley s tra in s  o f  so- 
c a l le d  en cep h q lit ic  v iru s  and the H. F. s t ra in  o f  
h e rp e t ic  v iru s ,  no macroscopic evidence o f  growth was
obtained in  any media, incubated e i th e r  a e ro b ic a l ly
-
or an ae rob ica l ly .  Stained f i lm  preparations f a i l e d  
to r e v ea l  any microorganism, even on the th ird  sub- 
p la n t .
These experiments were repeated, using 
va r ia t ion s  o f  the Smith-Noguchi medium by su b s t itu t in g
i
fo r  the a s c i t i c  f lu id ,  rab b it  serum, undiluted, or 
d i lu ted  w ith  R in ger ’ 3 so lu t ion  or w ith  dextrose broth . 
The resu lts  were s im i la r ly  n ega tive .
Since no l i v in g ,  m u lt ip ly in g  agent could be 
detected  on these cu ltu res , we then proceeded by the 
deductive method to determine the v i a b i l i t y  o f  the 
v iru s  in  various media in  the hope o f  f in d in g  a s u i t ­
able pabulum fo r  m u lt ip l ic a t io n  o f  the in c ita n t .
Surv iva l o f  t he v irus in  co l lo d io n  sacs 
implanted in tra -a b dom inally  in ra b b its . I t  has been 
shown that the virus o f  typhus fe v e r  re ta in s  i t s  
i n f e c t i v i t y  f o r  one month (28 - 31 days) w ith in  a 
co l lo d io n  sac p laced intra-abdomlnalljr in  guinea pigs 
(8 9 ).  S im ilar experiments were made w ith  brain 
t issu e  in  c o l lo d io n  sacs implanted in rab b its .
Sacs were prepared according to the
(68)
directions o f Gates (90). Small fragments of rabbit
"brain containing the virus in Ringer’ s solution or in
"broth were introduced into the sacs which were then
sealed. Using aseptic precautions, one or 2 sacs
were introduced into the peritoneal cavity o f each
rabb it . After a varying number of days, the rabbits
were k i l le d ,  the sacs removed, the contents examined
for evidences o f contamination, and 0.25 cc. of the
brain fragments and f lu id  injected intracerebra lly
into rabbits . Experiments were done using the 3 
j ■ :
stra in « o f viruses mentioned»
.
The virus does not survive 5 days when placed 
with either Ringer’ 3 solution or broth in collodion  
sacs implanted abdominally in the rabb it . I t  is 
therefore apparent that this method is unsuitable for  
cultivation  purposes.
Survival o f  the v i r u s i n anaerobic and 
aerobic med ia. The next experiments concern the 
survival o f the virus in anaerobic and aerobic media. 
I f  as Loewe and Strauss state, the virus of encephal­
i t i s  lethargica  multiples in the Smith-Noguchi medium, 
then pari passu the culture material should remain 
active for a long period o f time. Since we fa i led  to 
iso la te  the microorganism which they described, i t  
was thought that information as to the time the virus 
can survive in this medium would indicate whether it  
had merely survived, had died or even had multiplied
|
within the cu ltures,and would thus control our nega­
tive resu lts . The v ia b i l i t y  o f the virus was tested 
by inoculating rabbits intracerebra lly  with the f lu id  
material surrounding the tissue and with the brain  
tissue i t s e l f .  In this way we could determine not 
only the presence o f the virus or its multiplication  
in the surrounding medium, but also the length of
time that i t  survived in the brain i t s e l f .
-
( 6 9 )
The asc itic  f lu id  o f the Smith-Hoguehi cul­
ture was poured o f f  and centrifuged l ig h t ly  to throw 
down partic les  o f "brain, and the supernatant f lu id  
retained. The fragment of the "brain tissue remain­
ing in the culture was weighed in a s t e r i le  capsule 
and a 10 per cent emulsion made in normal sa line.
For control, sim ilar pieces o f brain from 
the same rabbit were placed in tubes o f 10 cc. o f 1 
per cent dextrose "broth (pH 7.4) and incubated 
aerobica lly . The supernatant "broth and the remain- 
ing "brain tissue were treated in the same manner as 
in the case o f  Smith-Hoguehi medium series .
A uniform amount was always injected, 
namely, 0.25 cc., and young rabbits o f sim ilar size  
and weight (1,000 grams) were used. Intracerebral  
inoculation was invariably employed. The skull was 
trephined at the mid-point o f the p ar ie ta l bone, mid­
way between the centre o f the supra-orbita l margin
and the ridge lying between and anterior to the ears,"
and the material was injected by means of a 1 cc. 
syringe furnished with a short needle 1/4 inch long.
The following protocols (Tables I and I I )  
show the results o f a typical experiment.
(71)
Survi va l of  Encephalitioi. .Virus. Strain Beckley 
in Smith-Noguchi medimi.
TABLE I .
Incubation at 37 G.
(Days) Material Result
2 Centrifuged f lu id
2 Brain
4 Centrifuged f lu id
4 Brain
6 Centrifuged f lu id
6 Brain.
8 Centrifuged f lu id .
8 Brain
10 Centrifuged f lu id
10 Brain
12 Centrifuged f lu id
12 Brain
14 Centrifuged f lu id
14 Brain
No reaction a fter
21 days
Typical symptoms.
Died in 5 days
No reaction.
Typical symptoms.
Died in 6 days
No reaction.
Typical symptoms.
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Died in 5 days.
Typical symptoms. 
Died in 5 days.
Typ i c a l syrnp t oms . 
Died in 5 days.
Typical symptoms. 
Died in 5 days.
Typical symptoms. 
Died in 6 days.
Typical symptoms. 
Died in 5 days.
Bo reaction.
Typical symptoms. 
Died in 6 days.
Bo reaction.
Typical symptoms. 
Died in 6 days.
Bo reaction.
Typical symptoms. 
Died in 5 days.
Bo reaction.
(73)
These experiments were repeated several times with  
each o f  the three strains of viruses with sim ilar  
resu lts , Thus the so -ca lled  virus o f encephalitis 
letharg ies and that of fe b r i le  herpes contained in 
the rabbit brain and incubated in the Smith-Noguchi 
medium could not be shown to have d iffused into, or 
multiplied in the surrounding medium a fter a period  
of two days. The viruses could, however, be shown 
to be s t i l l  v iab le  in the brain i t s e l f  \ip to the 
sixth and occasionally the eighth day; the larger the 
piece of brain, the longer the surviva l. On the 
other hand, when placed in dextrose broth and incu­
bated under aerobic conditions, they are found in the 
surrounding f lu id  up to the sixth day, and 0.25 cc. 
of the supernatant broth produces symptoms as severe 
as those induced by the fresh viruses. The brain  
fragments in this medium were s t i l l  in fective on the 
tenth to the twelfth days,
‘
I t  is therefore apparent that the three
samples o f  viruses did not multiply in the Smith-
■
Noguchi medium. They survived longer in aerobic 
broth, in which they were demonstrated both in the
supernatant f lu id  and in the brain fragment, long
■
a fter  they had become inactivated in the Srnith-
■
Noguchi medium, which therefore must be regarded as
%
A further confirmation of this conclusion is 
afforded by the next experiment in which virus was 
added in the form of an emulsion o f ground brain  
tissue to the Smith-Noguchi medium and to aerobic 
broth, in order that a wide surface o f the inoculum 
would be exposed to the media. Three sets of tests 
were made with each o f  the three viruses with p racti­
ca lly  uniform resu lts .
; *
Experiment A. The brain containing fresh  
virus was ground up in a s t e r i le  mortar with sand. 
Saline solution was added to form a 20 per cent 
emulsion. After l ig h t ly  centrifuging to deposit 
partic les of brain, 1 cc. o f  the emulsion was added 
to 15 cc. of Smith-Noguchi medium, and 1 cc. to a lik e  
amount of dextrose broth.
Before incubation at 37°G., material was re ­
moved from each tube and 0.25 cc. inoculated in tra ­
cer ebra lly  into control rabbits, which developed 
typical symptoms and died a fte r  5 days. ELuid was 
withdrawn from the tubes on the 2nd and 4th days of  
incubation, at 37°C., and the test does (0.25 cc).  
injected in tracerebra lly  into a series o f  rabbits.
I t  was found that the aerobic broth material caused 
typical symptoms leading to death in the same time as
(74)
exerting an unfavourable e f fe c t .
'
the controls, whereas sim ilar material in the Smith- 
Noguchi medium was entire ly  without e ffect.
The material injected was care fu lly  con­
tro lled  "by cultivation on various media under both 
aerobic and anaerobic conditions. In no case was 
any growth obtained.
These experiments show that in the Smith- 
Noguchi medium at 37°C., the viruses, as contained in 
the ground brain tissue, are either k i l le d  or render­
ed inactive within 2 days, while in aerobic broth
*
cultures at 37°C., they remain in fective  a fter 4 days 
incubation.
Acidity of  Medium in Relation to the 
Destruction o f the V jrus.
The problem now concerned the factor in the 
Smith-Noguchi medium which prevents the survival of 
the virus. The f i r s t  consideration was that of 
acid ity  or hydrogen-ionvconcentration. I t  was 
thought that the autolysis o f the kidney tissue might 
produce enough acid to destroy any virus which might 
diffuse  into the surrounding f lu id , whereas the virus 
in the brain would be protected. Accordingly a 
series of experiments was carried out in which the pH 




Si The determinations o f the hydrogen-ion 
concentrations were kindly made by Dr. J. 
Northrop.
(77)
Control asc it ic  f lu id  kidney
tissue medium with a vaseline seal a fte r  7 days 
incubation showed a pH of 7,2 in the upper part of 
the medium, and a pH of 7,1 in the f lu id  surrounding 
the kidney tissue. Smith-Hoguchi medium to which 
brain  tissue was added showed a pH of 7.24 at the 
upper and 7.2 at the lower part o f  the f lu id .  
Furthermore, varying amounts of sodium phosphate 
bu ffe r  solution were added to Smith-Hoguchi medium 
containing brain tissue. I t  was found that 2 parts 
of asc it ic  f lu id  and 1 part of sodium phosphate solu­
tion (pH 8.0) added to fresh kidney and brain tissue  
showed, a fter 7 days incubation at 37°C., a pH of 7.4 
in the f lu id  at the bottom o f  the tube. This point 
was chosen because the dextrose broth in which the 
virus survives has a pH of 7.4. I t  was supposed that 
the mixture of asc itic  f lu id  and bu ffe r  solution would 
form an adequate medium because the virus w i l l  survive 
in dextrose broth which is o f re la t iv e ly  simple com­
position.
A series o f  experiments with this modified 
asc it ic  f lu id  kidney tissue medium, using each of the 
d iffe ren t viruses, was carried out. In no case 
could any viru3 be detected in the f lu id  around the
Experiment B .
!
I n order to eliminate the acid ity  as the  ̂
determining factor in the destruction o f  the virus, 
the pH determination o f  broth and a piece o f brain, 
incubated aerobically , was determined. In addition, 
i t  is known that encephalitic virus and herpetic virus 
can survive in 50 per cent glycerin for periods up to 
10 months. The pH of 50 per cent glycerin used for  
preserving the virus was therefore determined.
The resu lts are tabulated in Table I I I .
TABLE I I I
Determination of pH of  Dextros e Broth andBrain.
Incubated Aerobically at 37 0.
Day Top of  Tube Bottom of Tube




pH of 50 per cent glycerin, 5.54.
I t  is  thus seen that the broth is consider­
ably more acid than the Smith-Hoguchi medium, while 
the 50 per cent glycerin in which the viruses survive 
for long periods is even s t i l l  more acid.
It  would appear then that the pH value o f the 
medium is not the determining factor for the survival
(78)
b ra in  and kidney t is su es .
Oxygen Tensi on in Rel a t ion to the V ia b i l ity  
of the V irus.
The next question to be determined was the part 
played by oxygen tension in stimulating or inhibiting  
the growth of the active agent in the virus of 
encephalitis lethargica  and Herpes l a b i a l i s .
( 7 9 )
o f the herpetic and encephalitic  v iru s .
(80)
Experiment C,
12 tubes of dextrose broth were 
inoculated with virus in the form of pieces of fresh  
brain tissue a l l  from the same rabb it . The tubes 
were divided into 3 batches and four tubes were 
incubated aerobically , four anaerobically in the 
Brown ja r ,  (91), and the remainder under a vaseline  
seal (92).
On the second and fourth days of incubation, the 
broth from two tubes o f each batch was centrifuges 
and 0.25 cc of supernatant clear f lu id  from each 
tube was inoculated in tracerebra lly  into rabbits .
A l l  12 animals thus inoculated shewed typical  
symptoms and death occurred within the same time as 
in the control animals s im ilarly  inoculated with 
fresh virus®
In a l l ,  3 series o f 12 tubes were used employing each 
o f the three viruses for inoculation.
Erora this experiment i t  was concluded that oxygen 
tension as such does not play a material part in 
v. deciding either survival or destruction of the 
viruses.
We may conclude, therefore, that the de­
struction of the virus in the Smith-Noguchi medium 
is not due to the development of acidity, nor to the
anaerobic condition which p reva ils . That this 
occurrence is constant i3 supported by the fact that 
several d ifferent specimens o f asc itic  f lu id  and 
kidney tissue from a number of rabbits were employed 
in constructing this medium. Furthermore, the 
samples o f a sc it ic  f lu id  a l l  conformed to the 
standards set o r ig in a l ly  by Loewe and Strauss.
Finally, i t  may be stated that as yet we have 
been unable to recover from the centrifuged material 
of the aerobic broth cultures of the encephalitic or 
herpetic virus, which is highly in fective  for rabbits, 
any o f the micro-organisms described previously by 




This paper is concerned with the study o f the ques­
tions o f the survival and multiplication of the so- 
called virus of encephalitis lethargiea and the 
virus of fe b r i le  herpes in a r t i f i c i a l  cultures.
Two main 3ets o f experiments were carried  
out. In the f i r s t  set an attempt was made to re ­
peat the published reports of Bradford, Bashford and 
Wilson, and Loewe and Strauss, and Thalimer. These 
observers claim to have succeeded, by the use of the 
Smith-Noguchi anaerobic tissue method of cultivation,  
in obtaining from the so -ca lled  virus of encephalitis 
lethargica, growths o f a micro-organism which is 
v is ib le  under the microscope, and active when inocu­
lated into rabbits .
We have been unable to confirm these pub­
lished reports: on the contrary, our experiments show 
conclusively that the Smith-IToguchi medium is not 
favourable even for the survival of the virus, much 
less for its  multiplication or growth. The same 
general fact is true for the virus of fe b r i le  herpes. 
However, i t  could be shown that while the viruses 
diffusing into the f lu id  part of the Smith-Noguchi 
medium rapid ly  lo st  their activ ity  at 37°C., (in  
less than 2 days), within the brain fragment they
SUMMARY.
(83)
remain active for 6 days. In no instance coulcl any 
formed "bodies Toe detected in the medium which could 
"be regarded as micro-organisms, although of course, 
"because o f the composition o f the medium, detritus  
of very fine texture is always present which to the 
untrained eye might possib ly  "be so construed.
While we found that the Smith-Noguchi medium 
was inimical to the survival o f the viruses, i t  was 
ascertained that aerobic broth is far less destruct- 
ive to the active material.
Under the conditions of our experiments, i t  
was determined that the viruses d iffus ing  into the 
surrounding broth remained active for s ix  days, while  
within the brain fragment i t s e l f  they survived for  
twelve days.
In connection with these studies we investi­
gated whether i t  was a difference in the oxygen 
tension or in the pH, which determined the destruction  
of the viruses in the Smith-Noguchi medium or their
survival in aerobic broth. Changes in oxygen ten-
.
sion, and variations in the hydrogen-ion concentra­
tion between the lim its of pH 7,4 and pH 6,2, do not 
exert any appreciable e ffect, and we have not been 
able to determine the precise nature o f the injurious  
action o f the Smith-Noguchi medium.
(84)
Not only do our experiments f a i l  to uphold Bradford, 
Bashford and Wilson, Loewe and Strauss, and Thalimer, 
"but they contradict the published reports of Wiesner, 
Rosenow and others, who identify  the encephalitis 
virus with certain common bacteria . I t  can be stated  
unequivocally, that with an aseptic technique the so- 
called virus of encephalitis lethargies and the virus
of fe b r i le  herpes can be nassed from brain to brain
*
of the rabbit, under conditions in which no v is ib le  
micro-organism can be made to appear or grow, either
in aerobic or anaerobic cultures*
■
The difference in the results o f  the present 
work and that of the previous investigators may be 
ascribed to the d ifferent c r ite r ia  used for the 
establishment o f  the experimental disease in rabbits .
|T^e following five  requisites are necessary before a 
diagnosis of the experimental disease in rabbits can 
be made: a) defin ite  incubation period, b) typical
symptomatology, c) absence of gross lesions in the 
organs, except for congestion of the brain, d.) ab­
sence of concomitant or secondary infections by 
ordinary bacteria, and e) transm issib ility  o f the 
virus from rabbit to rabbit indefin ite ly . Since 
histopathological lesions in the brains of rabbits ,  
indistinguishable from those described by previous
( 8 5 )
investigators as the so le  criterion  for determining 
the experimental disease, have been found in from 
40 per cent to 76 per cent of animals uninoculated 
with the encephalitic or herpetic virus, these 
cerebral changes cannot be considered as an essential 
requirement« We believe, therefore, that the in ter­
pretation o f the so le  presence o f histopathological 
changes in the brains o f inoculated rabbits , as 
positive  evidence of experimental encephalitis 
letharg ies or Herpes l a b i a l i s , has been erroneous.
CONCLUSION.
Our experiments f a i l  to confirm the state ­
ments previously made that micro-organisms of the 
class of the ’’globoid bodies" of poliomyelitis may be 
cultivated from the so -ca lled  virus of encephalitis 
lethargica in the Smith-Noguchi medium. The experi­
ments indicate f i r s t ,  that this medium is very un­
favourable to the survival o f  the virus, and second, 
that ordinary broth under aerobic culture conditions j
is re la t ive ly  a favourable medium for maintaining the 
activ ity  both o f the encephalitic virus and the virus 
of feb r i le  herpes. Probably no multiplication of  
either takes place, but only survival for a maximum 
period of 6 days in the broth i t s e l f ,  and 12 days in
(86)
the fragment o f "brain tissue. Our experiments with 
the so -ca lled  virus o f encephalitis lethargies lead  
us also to state that activ ity  in the rabbit has 
nothing whatever to do with the presence o f the cocci 
and other bacteria l forme described by Wiesner, 
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ILLUSTRATIONS.
J ig . I .  Section of brain o f rabbit injected  
in tra test icu la r ly  with Treponema pallidum material, 
showing perivascular in f i lt ra t io n  with mononuclear 
ce lls  in the Virchow-Robin space. X640.
( 9 6 )
Fig. 2. Section of tra in  of a supposedly normal 
stock rabbit. To be noted are the numerous p er i­
vascular lesions. X 200.
(9 7)
F j g » 3_t The 
magnification,
nuclear c e l ls .
same f ie ld  as Fig, 2 under higher 
i l lu s t ra t in g  nature o f the mono- 
X 365,
( 9 8 )
H fi.  A* Section of rabbit brain from an early  
case o f snuffles, showing s ligh t  meningeal in f i l t r a ­
tion with mononuclear c e l ls .  There is some p e r i ­









Fig. j3. Section of "brain of ra"b"bit inoculated 
in tra testicu la r ly  with a transplantable tumour, 
showing meningeal, cerebral, and perivascular  
in f i lt ra t io n .  X 100.
(100)
Fig . 6. Section of brain of rabbit with snuffles, 
containing meningeal and perivascular in f i lt ra t io n s .  
X 250.
(101)
Section of brain of rabbit with, early- 
revealing s ligh t  mononuclear in f i lt ra t io n  
ependyma of the la te ra l ventric le . X 210.
J3&*
sn u ff le s , 
under the
(102)
Fig. _8, From a sim ilar rabbit, but with more 
marked in f i lt ra t io n  with mononuclear ce lls  under 
the ependyma i f  the la tera l ventric le . X 2.50.
(1 0 5 )
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P ig . 9» Section of tra in  of rat "bit with a 
sutcntaneous atscess. D iffuse in f i lt ra t io n  with 
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V . . j
X ^ ln u r
Brain of rabbit inoculated with a
APig« 10.
transmissible tumour, showing small groups of 
mononuclear1 cells  in the brain substance« X 250.
(105)
Pig. 11. Brain from a sim ilar rabbit with a w e ll-  
marked area of focal necrosis. To be noted are the 
necrotic centre, large, e p ith e lia l- l ik e  c e lls ,  and 
the surrounding mononuclear in f i lt ra t io n .  X 190.
m m * .  ,  
-
S*V*! . »r //• *
(106)
Pig « 12» A similar area o f  necrosis found in a 
supposedly normal stock rabbit. X 190.
(107)
Fig. 13,. Section of brain from a snuffles rabbit,  
showing a similar area o f  focal necrosis, but not 
cut through the centre. The blood vessels reveal 
marked perivascular in fi lt ra t ion »  X 190»
(108)
fflg. 14. Brain from a rabbit inoculated 
in tra testicu la r ly  with a transmissible tumour. 
A focal necrotic area with in f i lt ra t io n  by 




Pi,-,-,, 1 5 .  Section o f brain of rabbit injected,
in tratesticu lar ly  with Treponema pa llidum material, 
showing an area of focal necrosis in process of 
healing. X 250«
(110)
Pig. 16. Brain of rabbit inoculated intratesticu­
la r ly  with a transmissible tumour. To be noted is 
an area o f  necrosis at the surface o f the brain, with 
meningeal and perivascular in f i lt ra t io n .  X 110.
( I l l )
P ig . 17. Reproduced from Pig. 12, a r t ic le  by- 
Bull (58).
Compare with Pigs. 1, 2, 3 and 5.
(112)
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F i g . 13.
(Bull: Streptococci from Poliomyelitis.)
P ig . 18. Reproduced from Pig. 13, a r t ic le  by 
Bull (58),
Compare with P igs. 5, 11, 12, 13 and 14.
(113)
Pig . 19. Reproduced from Pig. 14, a r t ic le  by- 
Bull (58).
Compare with P igs. 2, 5 and 16.
(114)
H £* 20. Reproduced from Pig. 15, a rt ic le  by
Bull (58).
Compare with Pigs, 11, 12, 13, 14 and 15.
(115)
21. Reproduced from Pig. 16, a rt ic le  by 
Bull (58).
Compare with P igs. 1, 2, 3 and 5.
(116)
4;;v- .4?v.
V'S <• J * .‘i1 .
Plh'- .*-f • V it • A •> jr7 ;.;an-*.
F i g . 17.
(Hull: Streptococci from Col ¡»myelins.)
Pig. 22. Reproduced from Pig. 17, a r t ic le  by 
Bull (58).
Compare w ith  P igs. 5, 12 and 14.
(117)
Pig. 23. Reproduced from Pig. 1, a r t ic le  by 
Oliver (5S),
Compare with Pigs. 5, 6, 12, 13 and 16
( u s )
)isniIgnngi^onser'V'ISCU*ar 'n,'*trat‘on lymphocytes around vessels in neighborhood!
Reproduced from Pig. 2, a r t ic le  ‘by- 
Oliver (59).
Compare with P igs . 1, 2, 3, 5 and 13
(119)
Reproduced from Pig. 7, a rt ic le  by- 
Reas oner (60).
Compare with. Pigs. 3, 11, 12 and 13
(120)
JHia> JsJ-i* Reproduced from Pig, 8, a r t ic le  by
Reasoner (60),  described as "Character­
i s t i c  syph ilit ic  blood vessel involve­
ment ,"
"• -• pliiliiic blood vessel i n v o l v e m e n t  in R a b b i •
( 1 2 1 )
Reproduced f*3?oin ai*ticles Toy XfOewe and 
Strauss, (64), F i g . Z ] ,  and (31), Pig.
<?•
Compare with P igs. 1, 2, 3 and 16,
(122)
Fig. 28. Rabbit brain. Area of focal necrosis in proximity to vessels 
showing the perivascular infiltration. Midbrain. Fourth transmission in rabbit 
of virus derived from h u m a n  nasopharyngeal m uc ous m e m b r a n e  ‘l.oewo and 
Strauss). ____ ______ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Fig« 27, Reproduced from artic les  by Loewe and 
Strauss, (64),  Rig, 2.8, and (31), Rig. 
10.
Compare with Rigs. 11 and 12,
(123)
Fig. 28. Reproduced from artic les  by Loewe and 
Strauss, (64),  Rig. Z<^5 and (31), Rig.
i t .
Compare w ith Rig. 10.
Jla* 29« Reproduced from a rt ic le  Toy Loewe and 
Strauss, (64), Pig, 51.
Compare with P igs. 5 and 13.
(125)
Ri£. 30. Reproduced from a rt ic le  Toy Loewe and 
Strauss, (64), Rig. 32.
Compare with Rigs. 2, 5, 13 and 16.
(126)
Fin. 34. Rabbit brain. Cortex or cerebrum showing focal infiltration with 
round cells in proximity to vessel showing mononuclear cell infiltration of the 
adventitia. Rabbit injected with same inoculum as animal pictured in l:igs. 
19 and 30.
J1£• 31» Reproduced from art ic les  "by Loewe and 
Strauss, (64),  .Rig. 3^, and (31), Rig.
IS*
Compare with Rig. 5»
**
(127)
Fig* 32. Reproduced from a rt ic les  Toy Loewe and 
Strauss, (64),  Rig. 3$\ and (31) Rig.
14.
Compare with Rig. 5.
(128)
Micropholographie i.
Pip. 53. Reproduced from a r t ic le  by Kling, (69),  
Pig. 1.
Compare with Pigs. 11, 12, 13, 14, 15.
